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INDUSTRIAL CONFLICT IN THE DEVELOPXENT OF TECHNICAL EDUCATION 
IN ENGLAND 1850-1910, VITH SPECIAL REFERENCE TO THE XECHANICAL 
ENGINEERING INDUSTRY. 
This, study seeks to offer a sociological account of the emergence of non- 
university technical education and its development In England in the period 
1850-1910 
The aim is to show that an explanation of the origin of the form and 
content of technical education needs to extend beyond changes In 19th 
century educational policies. 
An attempt is made therefore to trace the relationship between changes 
in control of the labour process as exemplified In one of the leading 
manufacturing industries, mechanical engineering, and developments in 
technical education. The argument is twofold: 
The forces underlying the substitution of unskilled for skilled 
workers and the implementation of new kinds of machines, were also those 
at work in the demise of the apprenticeship system and the development of 
a certain form of technical education. 
The skilled engineering workers' struggles to maintain the 
apprenticeship system against the employers' reluctance to support it, may 
be seen as also part of an explanation of the origin and development of 
technical education 
The importance of employers and skilled workers in these processes is 
acknowledged thereby, and a case Is argued, which existing sociological and 
historical accounts neglect, that the conflictual nature of the social 
relations of the industry represented an industrial struggle against which 
plans for a technical education system were being formulated. 
A key element is the analysis of the Great Strike and Lock-Dut of 
1897/1898, which is seen as the culmination of a series of conflicts 
originating in the 1850s. The outcome of the strike confirmed the economic 
'short-termism' of employers, deriving from the dominant laissez faire 
doctrines of the period. Contradictions Inherent In short-term profit 
seeking at the level of individual employers and expectations from long- 
term projections for a system of technical education at a national level, 
not only crucially influenced educational legislation, but fostered a neglect 
of technical education provision. 
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In this -thesis I have offered a sociological account of the emergence 
of non-university technical education and its development in England from 
the middle of the 19th century. My particular concern has been technical 
education for manual workers as distinct from university-type education 
for management in Industry. 
My general position is that in order to offer an explanation of the 
origin and development of technical education it has been necessary to 
look beyond changes In educational policy. I believe that, contrary to 
existing accounts, the social and technological changes emanating from 
conflict within the mechanical enginering industry throughout the 19th 
century were a source of considerable influence an the, development , of 
technical education in the period 1850-1910. The main argument developed 
in the thesis'is that analysis of struggles over the organization of work 
is central to an understanding of the sequence of events which led up to 
the formation of a national system of technical education in the last 
decades of the 19th century. 
The questions I have addressed revolve around the interpenetration of 
new technologies, particularly the use of interchangeable manufacture. and 
the changing tactics of managerial control of work and labour: 
What was the relation between technology and work? 
What strategies did employers develop In order to increase 
their hegemony over industrial work? , 
In what ways did the invention of new-tools and methods of 
precision measurement relate to the decline of the 
importance of skilled workers in the production process? 
How did the response of the skilled workers to changing 
strategies of labour and work control determine their attitude 
to employers, and unskilled workers? 
What were the implications for young workers of the 
reorganization of work and changing definitions of skill 
particularly with respect to technical education? 
yl 
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Existing accounts do not address these questions but, evaluated 
within the parameters of their own specific disciplines, provide adequate 
explanations. None the less they seem to me to have certain limitations 
and do not provide entirely credible accounts. Much of the analysis is 
f lawed by an over-reliance upon predominantly consensual models, 
articulated principally in terms of educational policy and/or the 
significance of influential policy-makers. 'It thus deflects attention from 
analysis of the attitudes and, beliefs of powerful and influential groups, 
outside education, with strong vested interests in the development of 
technical education. Among such ' groups were employers, particularly 
engineering employers, who controlled large numbers of young workers, 
towards whom technical education was to be directed. 
The nature of the impact of employer-employee interaction on 
technical education remains unexplored in many accounts due to their 
insistence on seeing technical education as an evolutionary growth out of 
the general education system. 
Employers were clearly concerned with issues of labour control and 
work organisation. I have therefore argued that a different model of 
educational and technical change is needed which could identify and 
articulate a connection between - the, employers' concerns with work 
organisation and the way their views affected the development of technical 
education. .1 
I have critically examined historical and sociological work which 
seeks to explain technological developments, such as the introduction of 
Interchangeable manufacture', standards', - and labour substitution. In the 
main Ahis tends to be postulated in terms of what I refer to as 
Itechnicist' or technologically , determinist approaches. By this I- mean 
abstracting technological developments from their concrete, historical 
context. This approach may be found in texts such as 
Clapham (1938), Cotgrove (1958,1968), Ashworth (1963)Ashby (1965). Xusgrave (1966, 
1967), Chadwick(1985), Steeds (1970), Cardwell (1972), Checkland(1972), 
Voodbury(1972), Ackrill(1987), Goss(1988). My reading of the literature 
suggests that it fails in particular to relate technological innovations to 
social transf ornat ions, such as radical changes in the control of labour, 
or recognize its significance for the development of technical education. 
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My particular technological emphases, on the implementation of 19th 
century machine tool technologies, methods of precision measurement, and 
the implications for changes in the recognition and definition of 'skill'. 
Cw_e!: r)e specifically elaborated in Sections One and Two of the thesis. I put DIA 
the case that the imparting and consolidation of skills were located 
within a specific set of production relations, and, derived credibility from 
a particular structure of management and organization. Definitions of skill 
therefore depended not an a priori categorizations of attributes of human 
performance or labelling, but more significantly an the interdependence of 
work and technology; ý the nature of the relations -between the employers I 
ideology of production and the workers' perception of work organization. It 
is in this sense that the concept of skill has been used in this study. In 
definitions of skill most accounts seem to me to underestimate the 
significance - of employer-employee/work interaction. As Piore and 
Sabel(11984) argue 
'... the 'success of mass production (and the cancomitant denlinp nf 
craft prnductlon. ) ... lies in the politically-defined interests of 
producers and consumers-rather than in the logic of industrial 
efficiency ... 1(p. 21). (My emphasis]. 
My prime aim in this exploratory analysis has been to show that a 
sociological perspective, based mainly on labour process theories not 
previously used in an examination of 19th century technical education, 
provides further insights into its origin and development. In this way I 
have challenged consensual models by stressing the conflictual nature of 
social relations both in industry and education. 
This seems to me to be a more realistic approach because it 
acknowledges that the issues of labour control within the productive 
process could be linked to control over incipient technical education, a 
common element in both being the influence of the employers. 
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The wider impact of the interaction ý between engineering employers 
and skilled workers has either been underestimated or disregarded in 
existing'scholarship an technological and technical education developments. 
It therefore seems to me to be limited in three significant areas of 
analysis. 
First, technical education is not seen as a distinctive development 
but as a 'movement' within the growth of 19th century mass education in 
general. Historical accounts in particular, place much emphasis on the 
development of a technical education 'movement' af ter the 1870 Act, and 
focus on the formation of the City and Guilds of London Institute(CGLI) in 
1878, the Royal Commission on Technical- Instruction in 1884, followed by 
the Technical Instruction Act of 1889, (Clapham(1938), ' Argles(1984), 
Armytage(1964), Musgrave(1967). Bailey(1983). 
These events were clearly significant but a common assumption seems 
to be that they were the only critical Influences and developments In 
technical education operating at the time. This -- Is , paralleled by 
unqualified approval given to the significance of l9th ýcentury figures, 
such as Lyon Playfair, S. S. Russell, and T. H. Huxley, who promoted the Idea of 
technical education as a means of improving industrial 'efficiency' to 
counter foreign competition. EClapham(1938). Xusgrave(1987), Ashworth(1963), 
Checkland(1968). 
Second, in most technical - education - histories and sociological 
accounts of the labour process the, industrial or craft apprenticehip 
system Is not regarded as a form of technical education in relation to 
which new forms of technical education developed. The traditional craft 
apprenticeship, mode of education is Invariably viewed -as separate in 
degree and kind from 'technical education'. It is asserted that technical 
education was a system of theoretical training instituted as a separate 
adjunct to practical work carried on in the workshops. In the separation 
of theoretical and practical elements in such a definition of technical 
education there Is an unquestioned importance given to the former. 
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Such accounts fail to question why and how formal institutionalised 
education, separate from the workplace, came to supplement and virtually 
replace the apprenticeship system as the dominant form of technical 
education and training in the 19th century. Their narrow approach 
necessarily precludes any examination of the relation between changes In 
work arganisation and education, as such a relation is not seen as 
relevant to an analysis of the development of technical education. - - 
Third, existing historical andý sociological accounts of technological 
innovation and development, and technical education, adhering legitimately 
to their respective disciplines, see no relevance In and hence no need to 
analyze the attempts by 19th century employers to widen their contral, of 
the labour process, against the resistance of the skilled workers. They do 
not explore the nature of the engineering employers' ý increasing control 
over the means of transforming raw materials, metals, into commodities, as 
part of the gradual domination over all their forms of labour, particularly 
young workers. Hence, the relation between the struggle for control between 
skilled workers and employers and the emergence of skilled workers' 
demands for technical education remains unexamined. -A number of Issues 
arose from this and were expanded In the thesis: The employers' use of new 
kinds of technologies. such as automatic or self-acting machines; the mid- 
century swing from artisan to management control of the process of 
production itself; and the changes in the system of power relations In the 
industry. 4 
With respect to the critical aspect of the employers' use of new 
kinds of technnologies a key feature of the new machines. introduced from 
the 1860s, was the manner of deployment so that untrained workers could 
be substituted for skilled artisans in their operation 
[Whitworth (1854,1856,1868,1872); Yasmyth (1854 J867)]. This process of 
substitution entailed a decline in the employers' dependence upon skilled 
craft labour and, the evidence showed, encouraged a subsequent devaluation 
by employers of the traditional method of reproducing skilled tradesmen 
through the apprenticeship system. In this proposition I have questioned 
recent viewso exemplified by the work of Goss(1988) who argues that, the 
managers' control over new technologies served to gain flexibility and 
increase productivity, not to deskill craftsmen: 
'... the exercise of managerial prerogatives was not used to deskill 
craf t work ... (but) to raise productivity and this riot only broadened the range of skills held by craft workers but also gave an increase 
in wage levels and shorter working hours ... I (p. 4 19). 
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I examined evidence from both unofficial and off Icial sources including 
the Children's Commission of 1864 and the Commission an the Depression of 
Trade In 1886, which shows this kind of contention to be unsupportable. 
Nineteenth century artisans consistently challenged the Increasing 
use of substitution in the workshops. A , significant factor in this 
resistance took the form of demands for the retention of the 
apprenticeship system. They also argued, formally from 1868 when the f irst 
Trades Union Congress debated the Issue, that they viewed the 
apprenticeship system as central to any technical educational system. Many 
of the industrial conflicts of the l9th century directly concerned, or were 
related to questions of - skilled labour and the decline of the 
apprenticeship system. I therefore considered it critical to examine 
employers' and workers' attitudes towards changes in the apprenticeship 
pattern conceived as a fundamental part of work reorganisation and also 
part of the origin of technical education. I made the case Ahat 
organisational and technological changes marked a gradual, but definite 
transfer of control of work from a predominantly- artisan-controlled 
system to one Involving employer-dominated technology. This shift of 
control implied a weakening of the artisans' traditional responsibilty for 
the training of young workers. For all practical purposes the 
apprenticeship system was the only form of technical ý education for most 
of the century. Thus the transfer of work control from workers to 
management from the middle of the century may also be seen as related to 
changes in the mode of technical education; that Is, as a transfer of 
control of technical education. 
What underlay changes in the system of power relations in the 
workshops as the structure of work control altered? In addressing this 
question I focused an the conflicts between employers and workers 
engendered by the struggle over the controL of immediate productive 
processes and how they were expressed In the social ýand technical 
elements of the organisation of work. This was, part of my attempt-to 
demonstrate that the forces underlying the development and implementation 
of new kinds of machines were also those at work in the demise of the 
craft apprenticeship and the development of technical education. 
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The case I put , against existing - historical and sociological 
scholarship concerning the origin and development of technical education 
is that in not considering the interaction between forms of technology, 
the arganisation of work, and the development of technical education it 
does not recognise the importance of industrial employers , and skilled 
workers in such development. In effect. a) too much importance is placed 
on the ideas and influence of educational policy makers; b) it accepts 
uncritically a linear, evolutionary model of technological development; 
c) the apparent lack of involvement of engineering employers In technical 
education developments is treated at face value. 
1.1.0. SPLFrTTf)l QFýCASE MATRRTAL 
I have limited my analysis of the organization of work to the 
mechanical engineering industry for three reasons. 
First, the mechanical engineering Industry was a principal 
manufacturing industry throughout the 19th century and one of the leading 
industrial employers of skilled and unskilled labour. The first census of 
production shows evidence of this: The total gross value of goods produced 
in the U. K. recorded at the time of the census in 1907 was tl. 76bn, of 
which over t3.75m, or over 21 per cent, was generated by mechanical 
engineering trades. Between 1851 and 1911 the engineering trades were in 
the top three single employers, second only to agriculture in 1851; by 
1911 nearly 1.5m workers were employed In the industry EFirst Census of 
Production (1907); British Labour Statistics, 1868-1968, (1971)]. It 
therefore seemed appropriate for my purposes to seek evidence within this 
major manufacturing industry regarding the attitude of leading employers 
towards the development of technical education from 1850. 
Second, the industry was also the location for two of the most direct 
confrontations between unionized labour and employers in the l9th century, 
in 1852 and 1897. My particular emphasis in section three of the thesis 
was an the strike and lockout of 1897.1 attempted to show that this 
specfIc event was highly significanto for It first highlighted the way in 
which the conflict of interests of skilled workers and their employers 
regarding technical education and the apprenticeship system reflected the 
struggle for control of the workplace. Secondly it revealed divergent 
Interests an the part of employers and government. This revolved around 
the government's putative aim for a national policy of technical education, 
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implying long-term projections, while actively encouraging individual 
employers to satisfy short-term profit seeking within a free market 
policy. The successful outcome of the strike for employers -served to 
reinforce their belief in economic 'short-term ism. The strike thus 
provided a relevant background against which to articulate the model of 
technical and social change I develop in this thesis. 
Third, the mechanical engineering industry in the 18thý and 19th 
centuries was fragmented and characterized by the small firm; but the 
changing industrial situation from the 1850s generated significant moves 
towards combination by employers. The structural situation clearly had 
implications for work organization and control, as, Zeitlin(1987) says, 
'British employers' labour strategies were also conditioned by ýthe 
Institutional organization of their firms ... most sectors of British industry were dominated by fragmented, family-owned firms ... there was little tendency towards cartellization or monopoly ... (p. 174). 
This is uncontentious but it seems to me to obscure the ef fects of 
engineering employer-employee conflicts in the events leading up to and 
during the strike and lockout of 1897/8. One of the employers' main 
concerns was constraint of the artisans' power in the workshops. (This I 
referred to as the employers' ideology of work, in which the structure of 
work needs to be seen as a social as well as a technical phenomenon]. As 
the struggles over power relations between the engineering employers and 
the workers intensified from 1852, the Engineering Employers Federation 
(BEF) concomitantly emerged. Thus by the great strike of 1897, the largest 
engineering union, the Amalgamated Society of Engineers (ASE), was 
confronted by a forceful employers' combination which had not existed in 
strength before the strike. Despite industrial fragmentation and the 
employers' apparent lack of coordination for much of the time, I believe 
that ideas concerning technical training and education often found 
expression in these employers' and workers' combinations and seem to be an 
unexplored source of data an the early stages of technical education 
development. 
I therefore attemp ted to show that 19th century struggles over the 
organization of work within the mechanical engineering ind ustry, 
determined by issues which centred on the questions of machine tool 
innovations and machine manning, were also questions of power relations in 
the industry which influenced technical education developments outside It. 
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There I&; an abundance of literature an socio-economic and labour 
history, and educational developments for the period. Much of this, 
including journals such as the British journal of Educational studies, 
British Journal of Industrial Relations, Economic History Review, Journal 
of Further and Higher Education, International Review of Social History, 
Past and Present, Social History. the Sociological Review is readily 
accessible. 
I have argued however that standard texts and common theories of 
technical and educational change are limited. Access to different sources 
was crucial to my analysis if I was to avoid restatements of existing 
theories. My orientation was Industrially- based, and I was examining a 
different set of hypotheses than the conventionally-related approaches. In 
researching evidence relevant to manufacturing Industry I drew upon the 
resources of institutions not usually associated with accounts of 19th 
century technical education. Three in particular proved most fruitfult the 
library of the trades Union Congress(TUC Reports from 1868, Minutes of the 
London Trades Council]. The archives of the Engineering Employers 
Federation (EEF)EEEF Minutes, including reports an the various trade 
disputes up to and including the Great Strike of 1897/8; reports of the 
Iron Trades Employers Association (ITEA), (the precursor of the RED]. The 
library of the Amalgamated Engineering Union (ABU) which is the successor 
to the 19th century Amalgamated Society of Engineers (ASH) (Annual Reports 
of the Amalgamated Union]. 
The Public Record Office(PRO) provided much original material an the 
educational debates of the 19th century. It was a valuable source 'for 
Government Education Minutes, Reports of Inquiries, and the published 
works of HXSO. 
The library of the institution of Xechnical Engineers (I. Mech. E) 
enabled access to a wide variety of significant material, especially the 
work of the Victorian engineers Yhitworth and Nasmyth., The published 
annual volumes of the Proceedings of the Institution were particularly 
valuable as they are complete from the year of the Institutionss foundation 
In 1847. The Institution was also an Invaluable source 'of relevant 
American technical literature, providing, Inter alia. access to the work of 
the American engineer F. V. Taylor. Also held are the Proceedings of the 
American Society of Engineers (ASXE) (the equivalent of the English 
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Institution of Mechanical Engineers); contemporary Journals of the period, 
such as the American Machinist, the American Engineer, the Iran and Coal 
Trades Review. 
The main source of evidence to Royal Commissions, Select Committees, 
and Public Inquiries; Labour and Trade Commissions and similar material 
are Parliamentay Papers, which are housed in the British Library. The 
Papers from '1850 are especially apposite In this respect. Whitworth's 
views an Interchangeable manufacture, for example, were clearly 
demonstrated in his evidence to the Small Arms Commision of 1854. 
Similarly Nasmyth, another prominent enplayer-engineer, in his evidence to 
the Royal Commission an Trade Unions In 1867, provided uneqIvocal views 
an technical training and the employment of unskilled labour. 
The British Library was also my principal source' of primary 
material for the 19th century, including' the' deliberations of the 
Workingmen's Educational Union(1853 on), the Workingmen's Technical 
Education Committee (1869). - and the debates on technical education and 
related issues in the Journal of the Society of Arts, which later became 
incorporated Into the City and Guilds of London Institute after 1878. 
The Fewspaper and Journal Library of the British Library is housed 
at Colindale and is crucial for contemporary accounts of the Industrial 
conflicts during the period. The reports of the Great Strike were 
especially revealing. as some of the Journals, such the Bee-Hive and the 
Labour Standard, edited by Kier Hardie. provided an alternative perspective 
to mainstream Press coverage. ' 
The thesis has three sections. Section One, Control nf Vork and 12. tll 
Century MachIng TnnI Developments, comprises three chapters; Section Two, 
Cnntrnl mf the Dshnur Prnnpnn Anef Technicml Pducatfan!, also of three 
chapters; Section Three, rhmnicen in thp Control mf Vinrlr and thn Tnflus-nep 
on RdunAtimnml Ch1%nZfm,, again three chapters. 
In chapter one, Tbe Centralit7 of Industrial Conflict its Absence in 
in Existing accounts of liechnical Education Development, I examine the 
contribution of existing accounts to the understanding and explanation of 
the development of 19th century machine tool technology. The two main 
sources are socio-economic histories and histories of technology. My main 
argument is that much of the writing in this field is characterized by 
consensualist notions of technologyo in which there Is a concentration on 
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the hardware of production where the -input . of labour appears to be 
discounted, as is the nature of the disputes accompanying technological 
Innovation. 
In chapter two, Victarlan Engineer-Entrepreneurs as Ewplqtyers: the 
Vor, k of Naudslay, Whitwortb and Fasnytb, I offer an account of the 
development of machine tools from 1850 to the end of the century. The 
material in this chapter Is particularly crucial for the technological 
elements of my thesis with its emphasis on the specifics of engineering 
craft work. #* In the body of the chapter I examine the factors of 
technology I regard as an essential background to my study; and 
concentrate my analysis an three engineer-entrepreneurs of the period, 
Xaudslay, Vhitworth, and Nasmyth. I seek to make explicit the nature of 
technologies which these particular engineers were initiating, and which 
were indispensable to a generality of employers attempting to transform 
the organization of work and extend their control of the labour process. 
In an attempt to move away from a 'heroic biography' approach 
regarding these Victorian engineers I have turned mainly to official 
primary sources for my evidence: Parliamentary Papers, and contemporary 
works in the field such as Whitworth(1856) and Nasmyth(1968), and 
Smiles(1873/4). This data is especially appropriate for my study for it 
represents the views of the most Influential tool engineer-designers of 
the period, and also provides an insight Into their thinking on trade 
training and development. k further point is that at a time when 
statistics were fragmentary and unreliable or unknown, official and 
contemporary sources can provide nore credible evidence. 
I elaborate on the Issues raised in the preface and address questions 
which are not treated in existing accounts, such as what kind of work was 
actually done by 19th century artisans in engineering, how employers 
reorganized work when new tools were put Into practice, and the reponse 
made by skilled workers to work reorganization. 
ft In addition to a detailed analysis in this chapter, I have included a 
number of detailed supporting appendices covering technological data 
concerned with cutting tools, tool metals, and rates of metal removal on 
machine tools. 
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Chapter three, The Transition of Apprentices to, Oild Labour, deals 
with another significant employer strategy, a new system of wage payments 
Introduced as an adjunct to the implementation of new technologies, 
deployed for operation by predominantly unskilled labour. I make a 
detailed analysis of the piece-work system of wage payment In order to 
point up its main characteristics in the increasing use of child labour as 
opposed to apprenticed labour. 
There are two main sources of evidence for this chapter, notably the 
evidence submitted to the Children's Commission of 1864, as It presents 
verbatim reports of children involved in technical -change such as the 
introduction of automatic machines and the detailed sub-division of work. 
Trade union reaction to the Introduction of piece-work Is well documented 
in their evidence to the Royal Commission on Trade Unions in 1867 and 
subsequent Reports. 
Seaction Two follows and begins with chapter four, Labour FT-ocess Theories 
and the 1nteraction of Vark and Tecbnolqg7, which is an examination and 
discussion of literature concerned with a sociological analysis of the 
labour process. 
In chapter five an the Craft Appren ticesbip Systex and - the 
Politicization of Apprentices, I examine the bypothe3is that the retention 
of the apprenticeship system as a means of reproducing skilled labour was 
central to the skilled workers' resistance to work reorganization and 
underlay many employer-employee conflicts throughout the century. 
In this chapter I draw upon my critique of what I have referred to 
as the technicist approach to technological development, in which 
technology is perceived as an independent force, abstracted from its 
concrete, historical situation. I seek to show that there was a critical 
Interdependence between innovative technologies, struggles over power 
relations and employer attitudes to work control and trade training- and 
education. 
Union sources are central to an understanding of their perception of 
skill. The ASE maintained systematic catalogues of their-debates and these 
are recorded in their Annual Reports and Reports of the Proceedings of 
Union Congresses. Employer sources such as EEF archive material, together 
with union and employer evidence to Commissions of Inquiry, provide 
further data an the issues of skill and labour substitution. 
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In chapter six, Contradictions and Struggle in Ideas about Education, 
I examine relevant developments taking place in- education during the 
period with specific reference to the early ý provisions for some form of 
technical education, I focus on the notion that much of - the. technical 
educational thinking of, the time was premised on the Idea of a provided 
system for a working class, dominated by'work. 
The development of state-sponsored education from the middle of the 
century, particularly the significance of the ý formation of official 
administrative organs at South Kensington, is well documented. I have also 
used sources such as Hansard and other Parliamentary Papers In addition 
to working class journals such as the 'Artizan', the 'Bee-Hive', the 'Labour 
Leader', and artisan perspectives in 'Technical Education Gazette', and the 
Journal of the Society of Arts. 
The Society of Arts was particularly significant In providing a 
platform for artisan views. a prime example being the publication of the 
Artisan Reports- on the, Great Industrial Exhibitions, the first of which 
was produced in 1868 following the Exhibition In Paris. 
Spntlnn Thrpp, ChanZen In thgs Control nf Vnrk and thp 
Influence on Educatlanal Change, begins with chapter ýseven, Historical 
Accounts of the Development & Technical Education and Sbcioý-Bconozic 
Research Relating to Technical Education. My Immediate main aim will be to 
confront one of the dominant themes In existing scholarship, that In the 
second half of the 19th century, there evolved a technical education 
$movement' or 'cause'. I shall examine the way the attitudes of employers 
and trade unions towards technical education is treated and question the 
emphasis in- much research an the impact of technical education an 
economic efficiency as interpreted by concerned public figures- outside 
Industry. 
The bulk of the literature examined in this chapter forms part of the 
conventional historiography in the field of 19th century -technical 
education. I have also drawn upon some of the contemporary writings of 
figures frequently cited in such works such as Lyon Playfair, T. B. Huxley, 
Scott-Russell, , Lord Armstrong, Philip Xagnus(City and, Guilds of London 
Institute), and X. E. Sadler. ' _' 11 
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Chapter eight, Employers and the rdeolqg7 of Production, f ocuses on 
the Great Strike of 1897/8, and is a crucial case study for the thesis. My 
aim Is to show that the increasing use of unskilled workers, particularly 
displaced skilled workers and boys, underpinned employer management 
strategies and radicalized the political nature of machine production. The 
employers' attempts to extend the advantages derived from expanded 
machine tool technologies increased the level of conflict in the industry, 
culminating in a protracted and damaging strike which broke-union powers 
The conflict is also seen as a manifestation of an underlying 
contradiction betwen. the short-term economic strategies of both the State 
and employers and the expectations held by government with respect to a 
national system of technical education. The effects of the strike are 
examined in the light of subsequent legislation which served to 
consolidate employer power despite the seemingly irrational demise of the 
traditional craft apprenticeship system. The implications of this conflict 
for technical education are explored in detail in Chapter Nine. 
The political and economic elements of the strike have been 
comprehensively examined in existing literature. I have drawn upon EEF 
archive material, TUC reports, ASE reports; and the contemporary Press, 
particularly the Times which provided extensive coverage, and Journals 
such as the Labour Leader, The Engineer, Engineering, the Engineering 
Times. 
Legislation for technical education which paralleled technical changes 
in the engineering industry, explored in earlier chapters, is the focus of 
Chapter Nine, The State and Teclinical Education. ' The FOr=AtiO12 Df the City 
and Guilds of London Institute and the Reaction of Government and 
Employers. My prime aim is to show that a combination of strong reliance 
upon the implementation of new technologies and the knowledge that the 
strongest union had been forcibly defeated in the 1897/8 conflict, 
strengthened employer resolve regarding control of the labour process. 
There was little incentive for employers to accede to a lessening of that 
control and much to be gained by extending it beyond the confines of the 
factory. The introduction of educational legislation failed to Induce any 
radical alteration in employer attitudes to technical education. The 
industrial events in the last decades of the 19th century left unchallenged 
their continued disregard for long-term projections for skilled labour. 
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The issue of industrial conflict intensified the central problem 
facing a significant part of the skilled working class of the period. This 
was Its relatively disadvantaged social position and the corresponding 
difficulties In obtaining benefit from the kind of general and technical 
education available. 
Parliamentary debates frequently highlighted concern over technical 
education development, Instigated primarily by fear of foreign competition; 
although sources such as Hansard reveal the low level of priority accorded 
technical education generally. Commissions and Inquiries, particularly 
af ter the 1870 Act are an important source for this period up to the turn 
of the century. Other sources. including TUC debates, reveal concern with 
the issues of mass education as well reflecting 'the conflictual nature of 
technical education provision. 
Finally I draw my argument together In a Conclusion and Discussion 
in Chapter 10, 
My analysis, focusing on a powerful 19th- century group, engineering 
employers, has led me to Investigate a wider base of -sources than existing 
accounts, serving to broaden the main parameters of technical education 
analysis. I attempt a more flexible approach to the study of the origins 
and development of technical education and present a reconsideration of 
established theoretical positions in existing scholarship through a re- 
examination of some of its key concepts. I believe this perspective points 
to a broader conceptual ization of work reorganization and technical 
education development and maps out possible routes for further research. 
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For the purposes of this thesis I cannot realistically embrace all 
19th century technological developments, thus In Section One, my prime 
focus will be on, one sector of engineering manufacture, machine tools. 
This is not to suggest that other significant engineering developments 
such as innovations in iron and steel production, the development of high- 
power steam engines and changes In boiler design are not worthy of 
analysis. Xy focus is on machine tools. That is, I am going to examine 
the specific use and deployment of machines requiring specialized manual 
labour used in the manufacture of other tools and machines. 
The questions I wish to address in these chapters revolve around 
the Interpenetration of new technologies, Including the use of 
Interchangeable manufacture, and the changing tactics of managerial 
control of work and labouri 
What was the relation between technology andý Industrial work? 
In what ways did the Invention of new -, tools and methods - of 
precision measurement relate to the decline of the Importance of skilled 
workers in the production process? 
What strategies did employers develop In order to increase their 
hegemony over the workshops? I 
How did the response of skilled workers to changing strategies of 
control determine their attitude to the employers and unskilled workers? 
What were the implications for young workers, particularly with 
respect to technical education, of reorganizing work and changing 
definitions of skill? 
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My reading of the literature suggests that there was a close link 
between the implementation of new technologies and more systematic 
deployment of child labour other than apprenticed labour from the 1850s; 
an employment strategy underestimated In existing accounts. To provide a 
f ocus I shall concentrate on machine -tools, the introduction of the 
Piece-work System and the increasing use of unapprent Iced, labour. 
I have taken this particular emphasis an machine tools, for two 
reasons. First, most accounts agree that It was In the machine tool 
sector of the engineering industry that significant changes In work 
arganisation and ýcontrol were taking place in the 18501s, related to the 
introduction of new technologies - Changes in machine tool design and 
metrology brought about corresponding changes in the method and pace of 
working from a predominantly artisan control to an employer-dominated 
way of working. I shall argue that employers in this sector of 
engineering were therefore a particularly significant body as they were 
among the leading employers and their views an workshop control and 
organisation influenced the attitudes of the generality of employers on 
issues such as the craft apprenticeship system and technical education. 
Second. the construction and maintenance of machine tools required 
much specialised artisan labour upon which employers were heavily 
dependent because 
, 
of the high level of manual skills needed in the 
Industry. (See note on 'Fitting, at end of chapter for fuller statement 
of this point). For example, In 1811 in the field of arms manufacture 
the heavy reliance upon skilled artisans, called armourers, was evident: 
'Even in England where skilled workmen were most available, there 
were not enough armourers to meet the demand ... the government had 
an hand 200,000 muskets barrels which. were useless for want of 
(skilled) men'. (Roe 1910, p. 1651 
By the 1880s it was argued that it took five years to produce a skilled 
f Her (for lock making) and his handcraft skills were clearly 
indispensable: 
the lock filer not only held the other branches of the (trade) 
In his hand, but that upon his willingness to work, and upon the 
produce of his skill the safety and the very existence of the nation 
depended. ' EHackwood 1889 ch. 81 
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Existing accounts of the development of 19th century technologies 
tend to be set narrowly within the context of socio-economic history. 
Among those I examine, Clapham (1938), Musson (1957), Gilbert (1958), 
Floud (1966) stress for Instance, the inventive genius of the Victorian 
engineers. They are inadequate for me in terms of the problems of 
control of the labour process I am addressing in this thesis. They are 
limited because they do not offer sufficient analysis of a) what kinds 
of work was done by skilled engineering workers an machine tools; b) 
what changes in methods of working took place as a result of the 
introduction of new machines; ý c) how employers reorganised work -when 
the new tools were put to use. 
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Chapter 1 
1.0.0. 
My main aim here is to examine a cross-section of accounts dealing 
with changes in a particular sector of Industry, machine tools. ý 
I, shall focus my examination mainly on two areas: historical 
accounts of the development of machine tools, and references to machine 
tool technologies in socio-economic histories. 
As part of my case in the overall study will be concerned with some 
of the effects on production relations of artisan , occupational 
exclusivity, my third area of examination in this- chapter will also be 
concerned with what has been referred to as the Ilabour aristocracy', 
Engels (1882). Webbs(1912), Hobsbawm(1973)]. I include this here for it 
seems to me that the concept of an 'aristocracy of labourl, held by 
engineering craftsmen in the l9th century, drew muchýof its legitimacy 
from the artisans' distinctive perception of craft skills particularly In 
machine tool work, and their attitude to the apprenticeship system. 
There are two elements: to this. The first was the artisans' belief 
in engineering skill as -conferring status and social power. This has 
suggested to some writers thatý the skilled stratum of 19th century 
workers was subject to an lembourgeoisenent' process,, citing as evidence 
their assumed alignment with the Liberal party. 
The second element was the artisans' claim that the apprenticeship 
constituted a form of technical education for most of the century. 
Although much of the research an the Ilabour aristocracy, in the 
l9th century puts a stress an the skilled workers' attempts to dissociate 
themselves from the unskilled, few accounts include analysis of the 
conflicts associated with machine tool implementation. This prompte a 
number of questions: Vhat was the nature of the link between changes in 
machine tool technology and the conflict between artisans and unskilled 
workers. and between skilled workers and employers? How were the 
conflicts over the issue of machine manning using the new technologies 
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related to artisan attempts to retain the traditional craft apprenticeship 
system and become part of the technical education? 
I therefore seek to examine in what ways the initiatives and 
strategies developed by the skilled workers in the course of their 
struggles with the employers nay also be seen as part of their attempt 
to elevate the apprenticeship into a formal technical education system, 
against the wishes ofýthe employers. Much of the antagonism generated by 
these conflicts of Interest centred an the questions of machine 
technology Innovation and machine manning. 
My reading of the literature suggests first that existing accounts 
are constrained by a conventional model of historical analysis, which, 
while adequate within Its given terms of reference, for my purposes does 
not provide entirely credible accounts. Much of the analyses Is highly 
deterministic and, in the main, evolutionary in concept. It seems to me 
that there is a parallel between evolutionary accounts of technical 
education and deterministic notions of machine tool technology. - Just as 
most accounts of technical education tend to treat it in isolation from 
other social forces, -and regard it uncritically as an evolution out of 
mass general education, existing accounts of technological change perceive 
it as self-determining. * 
, Second. regarding technological development there is an undue 
emphasis on changes in the artefacts of ý technology, focusing an their 
significance for economic growth. Such accounts are limited . in my view, 
because of their characterization of technological developments 
predominantly in terms of their increasing sophistication and ease of 
operation. For me the analyses are set too narrowly within the confines 
of socio-economic history, in which machine tools are perceived as a kind 
of paradigmatic technology. 
, 
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1.1.0. 
Many historical accounts of machine tools place emphasis upon their 
gradual evolution into more and more sophisticated and precise forms. 
Steeds(1970) and Floud(1976) favour such an approach and examine tool 
development from 1700. Steeds provides, as part of his analysis, an 
account of the modifications to the principal machine tool, the centre 
lathe. This is a machine for producing round and cylindrical work in 
metal and sometimes wood; a process called 'turning'. The centre lathe was 
the most common form of machine tool throughout the period 
[Smiles (1876), Spon (1882) Nasmytb(1883), Roe(1916), Jefferys(1945)). 
Steeds(1970) argues that the main machine tool innovation in the 
period was the invention of the automatic lathe. The significance of this 
machine was that it could be operated with minimum skill an the part of 
the worker and most of metal cutting could be controlled by self-acting 
mechanisms built into the machine. He points up the advantages of this 
machine, focusing an the fact that It eliminated the need for skilled 
operators : 
'This machine ... known in England as the automatic lathe or 'auto' and 
in America as the 'auto screw machine, lis one that produces turned 
pieces without nny attPntInn frnm mn o; Prmtnr Preept nccxqInnmT 
supervisinn and replaniqhmAnt mf the stock bar. '(p. 95). (my emphasis). 
A further development In automatic lathes was the 'turret' lathe, so 
called because the actual cutting tools were fixed to a special 
hexagonal-shape device, known as a turret. Work rate was greatly 
increased an this machine due to the fact that up to six cutting tools, 
one on each face of the turret, could be fixed and precisely set for 
cutting before machining commenced. § The tools could then be moved 
automatically into the machining sequence. as the Job progressed. The 
general practice, before the introduction of the turret, was the all- 
purpose machine, the Icentre lathe', a machine in which only one cutting 
tool was used at a time and which required much skill in setting up the 
work and controlling the cutting process. [Singer et 
al(1965), Steeds(1970), Voodbury(1972), Floud(1976)1. 
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Steeds' analysis of the turret lathe, centres 'an the potential this 
machine held for substituting unskilled labour for machinist artisans. He 
says , 
'... the most important advantage of the turret lathe in which all the 
tools were set to cut the required diameters-and stops regulated the 
lengths turned (was) that subsequent operation of t3hp nnnhinp 
required very little skill ... I(p. 122). (my emphasis). 
My view is that this essentially descriptive account of the important 
modifications to the centre lathe exemplifies accounts which emphasise 
purely technolgical developments in the period. There is little reference 
to the effects an the workers who were clearly affected by the 
implementation 'of fully automatic machines. Both machines referred to by 
Steeds, for example, were characterised, not simply by their levels of 
automaticity, but also by the explicit use of unskilled- labour. 
1.2.0 The Tsýua of SociAl Purpma In TPchnnIntrical 
Tnnnvj! ktlnn 
I believe the evidence shows that the introduction of new types of 
metal-cutting machines, based an automatic principles, had both 
technical and social purposes : the pre-setting of machines to ensure 
fast, accurate reproduction of work; - and the substitution of unskilled 
labour for artisan machinists. The stress in Steeds is narrowly 
technological; the social purpose is neglected. 
A framework similar to Steeds is provided by Floud(1976) in his 
study of machine tools from 1850. He concentrates an the narket-rational 
aspects of tool Innovations; emphasizing the advantages of new classes of 
machines for greater economic efficiency. There were, he said, two sets of 
pressures generating new classes of machines : 
'First, to carry out new processes, and to make old processes more 
efficient; second, to ... produce new tools to 
take advantage, 
_in 
power 
generation In metals technology ... I (p. 2 0). 
Thus in Floud's account modifications to the major types of machine tools 
between 1850 and 1914 were introduced in order to increase 'the 
capabilities and ease of operation'. Although he says his analysis is 
Intended to 'discuss the relevance of the experience of the machine tool 
industry to a controversial period of British economic history ... I (p. 1), he 
sees no need to explore the major labour disruptions caused in the 
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engineering Industry by the introduction of automatic machines, manned by 
unskilled workers, which culminated In the Great Strike of 1897. EThe 
'Engineer' (1898), Clegg et al(1964), Berg(1979), Zeitlin(1979)1. Social factors 
Involved in technical change are unexamined. 
In a later analysis Floud(1985) pursues a less-deterministic 
approach, by suggesting that new technologies induced. not resistance 
from workers, but recourse to re-training. This is framed in terms of 
human capital theory: 
'The challenge of the new machine age was met by Anvestment by 
individuals in their own education ... a very high proportion of human 
capital formation took place ... as a result of investment by the 
worker ... in training on-the-job ... I (p. 83et seq. ) 
This interpretation of the interrelation between work and education fails 
to take into account the reality of the life of work for most young 
workers. In the main the evidence shows that part-time, evening class 
education alone was available and this has to be seen within the context 
of a gruelling work routine. Involving an average of 57 hours per week 
from the 1850s. The evidence also shows that the employers' interest In 
systematic training declined as new technologies were 
implemented Masmyth (1856, Children's Commission (1864). Allen (1868), 
Robinson(1868), Bryce Commission (1895). 
Rather than stimulating investment, the implementation of new 
technologies precipitated conflict. The conflictual nature of technological 
change seems to me to be manifested In consistent artisan resistance to 
the deployment of new classes of machines, using unskilled labour. This 
factor in social relations critically influenced the employers' attitudes 
to the notion of 'skill' and . also 
determined their approach to the 
apprenticeship system and technical education. 
Both Steeds and Floud over-emphasize the evolutionary development 
of machine tools, and take insufficient account of the conflict generated 
by technical change. As Samuel(1977) puts It 
... resistance to machinery, though often opaque and only 
intermittently recorded... was an endemic feature of 19th century 
industrial life... '(p, 10). 
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1.3.0 Vork RatInnallmatImn mnd SkIlled Vorlrpr Reactinn 
Some of the more contentious issues associated with the introduction of 
work reorganization are examined in Landes(1960) in his socio-econonic 
account of technological development in the same period. In my view, he 
rightly addresses the social implications relating to the social effects 
of the reorganisation of work processes through the implementation of 
new technologies. He says, for example, 
'... the relationships of the men to to one another and to their 
employers were implicit in the node of production; technology and 
social pattern reinforced each other. '(p. 317). 
In the socioý-economic accounts I have read, this Is one of the few 
references to the intereaction between technology and the social relations 
in which they are put to use. 
But there Is also an economic determinism In Landes which is 
highlighted in his reference to the Inevitable course of rationallsatIon 
in the industry. He states initially, 
I ... labour in the engineering trades, strongly organised, craft 
oriented, 
i 
and fearful of technological unemployment, fought all 
changes in conditions of work ... the very existence of this conflict, 
is evidence that... rationalisation was taking placel(p. 316, and Ibid. 
footnote). 
A narrower economism is evident when he locates the notion of craft 
skills in the context of economic 'efficiency. ' 
I ... skilled labour tends to be less efficient than directly supervised 
semi-skilled or unskilled labour, and this is only to be 
expected ... I (p. 306). 
Landes' account Is thus limited an two counts. First, there is a strong 
Implication that the scope of 19th century industrial conflict was 
confined to the workers' reactions against material changes In working 
conditions imposed by employers. The ideology of production premised an 
new classes of machines seems to be taken for granted, and unquestioned. 
Second, the fragmentation of workshop tasks, Implicit in the use of 
semi-skilled and unskilled labour, is treated as self-evident in the drive 
to mechanisation and the rationalisation of production. There is no 
exploration of the nature of the conflicts he refers to, beyond a tacit 
recognition that they are imminent in workshop reorganisation I ... labour 
Is not a factor like other factors ... It exists as well as 
responds ... I (p. 317). 
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Landes rejects notions of - labour as an abstraction as the above 
quotation notes, but he does not make explicit the nature and course of 
the conflicts arising out of the reorganisation of workshops. Vhat, for 
example, were the explicit causes of conflict? I suggest there were two. 
First, there was the resistance of the skilled workers against the 
employers' Imposition of new technologies, particularly automatic 
, machines, which artisans perceived as a threat'to their skilled-worker 
status. Second, there was the generation of an Inter-neclue conflict 
between skilled and unskilled workers which derived from the employers' 
Insistence that the latter could and should be deployed an the new 
automatic machines. (Children's Commission (1884), Robinson(1868), 
lasnyth(1866), loble(1893 Evidence to R. C. ), Dyer(1897 EEF/ASE Negot. ) 
Focusing closely on work rationallsation by employers, Landes relies 
on a unilinear model of technological development. His relatively narrow 
conception of tool developments constrains his analysis and places too 
much emphasis on the employers' pursuit of profit and economic 
efficiency. There is a neglect of the Implications the Introduction of new 
technologies had for other social forces like the reproduction of'skilled 
labour within the context of employers' intensification of control over 
the total labour process. His approach characterizes the approach found 
In most socio-economic: accounts. Illustration of this may be seen In the 
work of Habakkuk(1982), and Woodbury(1972). 
1.3.1 The AnnumAd AtAnnniny nf Maching-Tnol Davj-lmpmpntn 
Rabakkuk(1962) provides a comparative study of l9th century 
technological developments in Britain and America. In his study machine 
tools seem to be endowed with self-generating properties. They assume a 
detachment from other social forces and are governed only by the internal 
characteristics of the technology itself I 
'Tachnir., Al prngrpnn hAq a Inale of its own; one invention raises 
problems, intellectual and mechanical, which require time and effort 
for their solution., (p. 81)(my emphasis). 
Habakkuk's thesis here clearly implies that technology is autonomous with 
respect to social change. The abstraction of technology from its social 
context divests this perspective of much Of its precision. As Law(1987) 
states, I 
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'... if we wish to understand the growth of technologies, then we 
should treat them as an end-product of goal-orlented system 
building ... I(p. 419). 
The problem for me in Habakkuk's account is therefore the abstraction of 
technology from the workplace and the workers who actually operated the 
machines. I term this kind of model of technological development 
Itechnicist'. Vithin this framework, narrow economic considerations allow 
only marginal consideration of some of the wider implications of 
implementing new technologies, such as reorganisation of work and 
changing labour practices. 
He does however recognise that technology relates to a particular 
set of social relations in production; hinting that these relations might 
be conflictual: 
'In the 1840s and 1850s workers in the engineering industry bad 
opposed the introduction of planers and lathes; in the 1890s they 
attempted to impose conditions on the use of the capstan, turret 
lathe, miller and borer... ' (p. 198). 
But earlier he argued that the predominant considerations in 
technological development were essentially technical and not social: 
I ... in the development of the internal combustion engine to the point 
where it became a practical proposition. technical considerations 
were the dominant influence... (p. 183). 
Habakkuk's concern Is to present a socio-economic analysis, and In this 
the argument is adequate. But, overall his argument appears to be too 
narrowly conceived In economic terms. For example in his discussion of 
the issue of machine manning his argument centres on economic benefits 
accruing from technolgical Innovation. The question Is, whose benefit? He 
fails to consider that technological Innovations were also conceived as a 
means of diminishing worker power and control over the labour process. 
As Nasmyth put it, as early as the 1840s: 
'... Machines from their automation power, no longer need regularly 
bred mechnanics to attend them ... it becomes necessary ... to reduce the 
subject ... (to) within the range of ... the ... Inferior capacity of a humbler grade of men ... 1(1841. p. 411). 
Habakkuk thus underestimates other social influences at work when new 
tools were being introduced, despite his acknowledgement of the potential 
for conflict associated with new technologies: 
'... English employers had been so long accustomed to cheap labour 
that their inclination was apt to be to get more work at the same 
money wage-and they were not prepared to concede to their labour 
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the , higher money earnings which the new device 
warranted ... 1 (P. 198/9). 
He does not pursue the implementation of new technologies as a possib) 
source of conflict; economic and social consensus seems axiomatic. 
1.3.11. The Co-nsc-nsual View of 19th Century Technology 
Voodbury(1972) in one of a number of his specialist studies on 
machine tool developments argues within a similar economic perspective. 
He provides a comprehensive survey of the historical development of the 
most important machine tools: lathe j milling machine, planer, shaper, and 
slotters. As chronological studies they constitute a significant analysis 
of l9th century technological innovations. But his study displays a 
similar narrow economism and technicism. In its early stages it is also 
contradictory. on the one hand he argues : 
I ... the historian of technology must keep clearly in mind that the 
most brilliant technological development can have, significance only 
in a suitable economic and social situation ... I (p. 2). - 
But, on the other hands technologies are conceived and developed 
independently of economic forces : 
'(there is) an inner compulsion of technological development which 
is quite independent of social and economic forces ... I (loc. cit). 
Voodbury's analysis is weakened by this technicist , 
conception of 
technical change In which technological innovations are perceived as 
independent of the workers who put them to use. Like most other accounts 
in this field he appears to assume a consensual notion of 19th century 
technology. and ignores the labour process in which it was embedded. 
Both Habakkuk and Voodbury provide insufficient explanation of the 
struggles induced by the interaction between technological developments 
and the way they were implemented by employers. 
q. of Employer-Employee Cnnflie-t Machine Tnnls-. as Aýn, rcL 
In more recent research, McGuffie(1986), in contrast to Voodbu ' 
ry and 
Habakkuk, provides an interactive model of technolgical development, 
locating It within specific social relations of production, in which the 
concept of skill was being radically re-shaped. Referring to the 
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implementation of 'standard' machines, such as lathes, milling, and borial 
machines, he says, 
'... they became ... multi-purpose mechanisms and their use allowed for j decomposition or simplification of the mental and manual faculties 
applied in direct production ... this underlying principle of tht 
decomposition of machinery and skills ... affected all sectors of tht 
labour process ... I (p. 152/3). 
The significance of this view of technical change is the acknowledgement 
that technologies are not independent of the social and cultural context 
in which they find formulation. They also correlate with specific 
managerial strategies, which, in the context of l9th century technological 
innovation, implied increasing worker subordination. Employers deepened 
their qualitative and quantitative knowledge over 'all the technical and 
material aspects of production. According to McGuffie(1986), this process 
engendered, 
'... a more malleable workforce ... more subject to management- inspired 
planning, control, direction and diktat... (p. xvi). 
The evidence I have examined shows that the -basis for the employers' 
confidence In implementing new technologies, often against the resistance 
of skilled artisans, was the development of new methods of precision 
measurement i. e. metrology. From the 1850s employers and entrepreneurs 
such as Vhitworth and lasmyth were pre-eminent in this. The improved 
methods of controlling manufacturing sizes and limits were fundamental to 
the principle of interchangeablity upon which many of the techniques of 
automatic machining and mass-production relied. (Anderson (1854), 
Nasnyth(1854). 'Buckingham(1920), Galloway(1965), Roe(1916), 
Vhitworth(1857) Yordworth(1905)]. I expand an the Introduction of 
'standards' in section 1.4.0. below. 
Interchangeability is the process by which similar engineering 
components, which have been manufactured to precise measurements within 
Prescribed limits of size, may be interchanged with each other without 
modification. 
For employers implementing new machines, such as the turret lathe, 
'standards'had great significance in that components could be made to 
precise sizes using automatic settings on the machines which themselves 
had been manufactured according to the same principles of precision and 
Interchangeability. These machines could be operated by unskilled workers 
once the machines had been pre-set. I provide a more detailed analysis of 
the turret lathe in appendices 10 and 16. 
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Developments in metrology and machine building precision weakenk 
the discretion allowed artisans over size and finish of, components 
Automatic machines embodied labour-control properties, in the sense tha! 
many cutting operations, formerly directly controlled by the -machinis! 
were in-built through a system of stops, cut-off mechnanisms, sim 
controls, speed regulators. The operator 'serviced' the machine. The 
evidence shows this embedded control became a source of conflict between 
skilled workers and employers, and also between skilled workers and 
unskilled workers: Vith the employers because the artisans forfeited their 
work autonomy; with the unskilled because the in-built control enabled 
employers to put unskilled workers to the machines. 
Some writers address the issues relating to the early developments 
In interchangeability and the effect on 19th century machining 
processses. Cardwell(1972) focuses on the substitution of parts 
according to principles of interchangeability, and argues that late 19th 
century machine tools had reached 
... such a high standard ... that parts were interchangeable, 
accordingly, mass-production became feasible ... I (p. 146). 
Cardwell's analysis portrays machine tool developments as an 
evolutionary process in which the technology becomes progressively 
sophisticated. Concentrating an the hardware of technology he does not 
consider the implications for both employers and workers of the 
Implementation of work reorganization. In the period under discussion, for 
example, there were many localised strikes (in 1893 there were 615 
disputes involving 634,301 workers); the engineering industry was 
involved In many local disputes and two national strikes in 1852 and 
1897p both of which were connected with the introduction of new machine 
manning principles by the employers. EASE Reports from 1850), Royal 
COM1118sion on Trade Unions(1867), Shadwell (1906), Zeitlin (1979), 
Berg(1985). Despite these events Cardwell(1972) maintains, 
'The age was rather a dull one of assured progress. evolutionary 
improvement and with few startling innovations... ' (p. 146). 
Implicit in this kind of account is a separation of technology from the 
social purposes for which it was designed and implemented, and no 
recognition of the conflictual nature of much technical change. 
, 
A similar perspective is found in the 'official' biography of the 
Amalgamated Society of Engineers (A. S. E. ) by Jefterys(1945). 
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Jefferys argued that the period 1850 through 1890 was a 
evolutionary one of consolidation, based on the development of 
technologies up to the 1850s: 
'The spread of the processes and methods invented in the first half 
of the century rather than the development of new methods was a 
main characteristic of the years between 1850 and 1890 ... I (p. 55). 
The main focus of this account is the origin and development of the 
skilled engineering workers union, the Amalgamated Society of 
Engineers(ASE). Its limitation in my view is an inadequate analysis of 
the interaction between technology and work. There is an insufficient 
stress on the way engineering employers in fact used new technologies to 
lessen their dependence on skilled engineering labour and increasingly 
resorted to substitution of unskilled operators for skilled artisans. As I 
argued above, one of the principal means employers had to do this was 
new devices for precision neasurenento which by-passed skilled workers, 
eXpertise in this area of work. But on this metrological development by 
Whitworth, Jefferys(1945) merely says, 
'Whitworth's insistence an accurate measurement spread from the 
leading shops to become general practice ... I (p. 56). 
Jefferys underestimated the degree to which employers were able to 
influence the concept of engineering craft skill through control over 
'standards' and precision measurement. He also Ignored the wider 
implications for labour control and workshop rearganisation. 
The Tntrndm? -tjmn nf iStAndArids' and the Tssua af 
Sub! --tItution 
I believe employers such as Whitworth and lasmyth brought about 
significant changes in labour and workshop control in the 1850s. 
Whitworth's work an metrology not only instituted new standards of 
exactness in measurement, but clearly paved the way for the substitution 
Of unskilled workers for skilled artisans, particularly on automatic 
machines. His major contribution was the Invention of 'gauges' which could 
be used by unskilled workers to check components as opposed to directly 
measuring them which required skilled application of fine measuring 
instruments ESmiles(1876), spon(1874), Vhitworth(1876)]. 
In order for this to be efective in the workshops a set of 
$standards' had to be introduced. This entailed the establishment of 
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agreed limits an sizes over a range of the most common engineeri; 
components such as round shafts, where the diameters would be kept 
within defined limits of size. These limits were standardised and set and 
controlled by the employers and required the workers to work within tbez; 
the workers discretion over sizes, formerly in their province, was 
withdrawn. Systematic control over component sizes and limits was the 
essence of the principle of standardisation[Whitworth(1854,1856,1885)]. 
Whitworth thus advanced employer control over workshop processes by 
two significant innovations in metrology: The use of fixed, more or less 
universal, standards in the manufacture of common engineering components, 
and systematising the principles of interchangeable manufacture. 
My appendix 9 shows the comprehensive system of gauges devised by 
Whitworth to cover most of the standard sizes met In the workshops. 
Jefferys' account fails to elucidate the nature of technolgical 
change induced by Vhitworth's innovations in the period; the underlying 
consensus In his work detracts from the potential new technolgies had 
for skilled worker subordination. 
Versions of the consensual view are also found in 
Clapham (1938), Ashworth (1963), Chadwick (1965), Fleck (1965), Musson and 
Robinson(1969). 
Clapham (1938) appears to accept the developments of Whitworth 
and, later F. V. Taylor, at face value. The evolutionary nature of 
technological development is again' taken for granted. He says, 
'It was natural that America with Its well-established tradition of 
time-saving, labour-saving automatism, should blaze the trail for 
the entry of more and more quick-running and 'fool-proof' machinery 
into engineering workshops'(p. 154). 
The use of the term 'foolproof' in this context exemplifies a common 
assumption in existing accounts of technological development: the 
inevitability of the gradual elimination of skilled artisan labour in 
production preessses where accuracy was necessary. There is acceptance 
of the transformation of machine tool technology, but only tacit 
acknowledgement that there was also a transformation of labour, requiring 
workers to adapt to the demands of the technology. There is a recurring 
notion of technology as something detached from working labour. 
The implied neutrality and linear development of technology re- 
emerges in Ashworth(1963). In this account the displacement of 
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traditional engineering craf ts by some f or= of machine is accepted as 
inevitable, subject only to the question of phasing: 
I (with) each improvement in machine tools ... by the early years of the 20th century there were few handicraft operations for which 
machinery could not be devised as as alternative ... I (p. 27). 
Chadwick(1965) offers a similar framework and argues that technological 
development meant improved machine accuracy and increasedtool speeds: 
'In the late l9th century the engineering, arts advanced in scope and 
precision ... with far greater quantities. at higher 6peeeds, and with increased accuracy ... 1(p. 605). 
Other writers, Galloway(1965), and Fleck (1965), Iink these developments in 
technology with market forces. They hold that these forces provided 
incentives which stimulated the employers' need to become more 
competitive and respond to increased demand for mass-produced products 
at home. Galloway stresses the boom in bicycle and sewing machine 
manufacture after mid-century: 
'As soon as public demand for the newly invented devices grew, large, 
means had to be devised for producing great numbers of components 
accurately and economically ... I (p. 6 4 0). 
Fleck(1965)focuses on the methods used to Improve economic 
competitiveness through the development of mass-production techniques in 
the l9th century. In the course of his analysis he concentrates an the 
hardware of production but also seems to me to unconsciously demonstrate 
the interpenetration of technology and the social relations in which it 
is used. 
He traces, but does not question for example. mass-production 
technololgy back to the American, Eli Whitney in 1793. According to Fleck, 
Whitney's genius was to advance, technology to the point where It could be 
... ultimately mobilised to overwhelm an opponent ... (p. 819). 
Xusson and Robinsou(1989) tacitly acknowledge the factor of 
changing strategies of labour control and imply that employers such as 
Nasmyth and Whitworth, apart from being inventors of genius in the 
period, sought to extend their control over skilled labour. They, note, 
without evident consideration of the effects for skilled workers and 
power relations in the industry, that lasmyth 
I ... was a pioneer of Osclentific management'. In his Ideas of factory lay-out, work-flow, standard isation. and mass-production. he was one 
of the leading creators of the modern machine age ... I (p. 509). 
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Human LAM= ArA Machlyie Prnduntlmn- Wgrkf-ral 
ReesIstance to SubstitutImn 
Exceptions to consensual approaches adopted by the writers I have 
so far examined are found in the work of Berg (1979,1982,1985); Roe 
Smith(1977); McGuffie(1986). 
, 
In a study of the machinery question and the growth of political 
economy in the l9th century, Berg(1982) argues that the Increasing use of 
machinery net with variable, but determined worker resistance. This 
served to intensify the employers' control over labour: 
'Faced with their resistance ... the Industrial bourgeoisie and their 
associates adopted an attitude of increasingly 
aggressive ... determination and optimism' (1982, p. 2). 
With reference to an earlier perlod, the 1840s and 1850s, she analyses the 
production processý in which workers are perceived as being actively 
engaged with machines. She points up, in contrast to most accounts, the 
participation of human labour in technological innovation, and Its 
reaction to changes in the organisation of work. She says, 
'(the workers) went beyond ... (criticism of the unplanned and rapid Introduction of new techniques) ... to challenge the uses and property 
relations of technology' (1982, p. 18). 
Technological change identified in more conflictual terms is also found 
in an American study by Roe Smith(1977). He examines developments in the 
methods of arms production In a national armoury, Harper's Ferry, in the 
l9th century. I quote this research to illustrate the kind of study 
which locates technological developments in a social and cultural context. 
He argues, 
'Craft-trained artisans ... increasingly found themselves Isolated from 
employers, irritated by the growing Intensity of production, and 
threatened by the nachinel(p. 20). 
Commenting an Whitworth's visit to America as part of an official 
Parliamentary mission to engineering establishments. in the 1850s, Roe 
Smith points up the antagonistic relations which often accompanied 
technological innovations. Whitworth, he asserts, did not perceive 
workshop relations in this way: 
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'Whitworth) ... did not perceive the many difficulties that attended building the factory and adopting new techniques, (nor) ... the endless troubles encountered in getting workers to follow an industrial 
regime;.. ' (p. 22). 
Vith regard to imposed technological change. it seems to me that a 
parallel may be drawn between English artisans, who struck often 
throughout the 19th century, and American artisans, such as those at 
Harper's Ferry. As Roe Smith puts it, 
'Because so many ... had been reared according to the conventions of the craft ethos, they found it extremely difficult to adjust to (the) 
increasingly specialised demands ... they , considered themselves artisans, not machine tenders ... I (p. 67). 
In Roe Smith's perspective there is recognition of the potential for 
conflict In the introduction of new technologies, not often found In 
English accounts. 
The implication for workers of technical change In Berg(1982) and Roe 
Smith(1977) is framed In terms of the interaction between reconstituted 
technology. skill redefinition and recomposition, and workers' reaction. 
As McGuffie(1986) in his critique of consensual approaches to technical 
change argues, they fail to recognize the emergence of competing groups 
accompanying technical change. Rather they assume an equilibrating system 
in which workers in which workers adapt to a changing industrial regime. 
He says, 
I ... (in them) there Is no sense of ... one group tend(Ing) to form itself around the labour of superintendence and management and the 
other around direct production ... I (p. xxix). 
These approaches are significant for me in highlighting the way In which 
more generalised accounts reduce labour to a factor of production, and 
tend to ignore the ways workers actively engaged In or actively resisted 
restructuring of the processes of production. The number of strikes 
throughout the l9th century clearly indicates that skilled workers 
frequently confronted employers on a number of issues; Issues which tend 
to be ignored in histories of machine technologies. 
In part, the artisans' rationale in Opposing the employers an 
certain questions derived from their self-conception as an 'aristocracy 
of labour'. I turn next to a brief examination Of this concept as It 
features in the literature. 
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An ArIntne-racy of Labour! Maraly a Qupntinn nf Statun? 
The concept 'aristocracy of labourl in general accounts of labour 
history usually refers to a minority of workers, all of whom were 
skilled and constituted a literate caucus of workers intent on 
differentiating themselves from the unskilled. They were frequently 
referred to as 'artisans'J# 
The fact that some leading figures in the Liberal party of the 19th 
century such as Mundella, Huxley. Playfair had expressed active 'interest 
in working class education, has led some writers to link the exclusive, 
statusý-seeking skilled workers with the political Ideology of the Liberal 
party. 
Support from l9th century sources for this equilibrating model may 
be found in Wright(1871). In this work Vright fears the loss of status by 
skilled workers 'through democratisation of the labour force'. Artisans 
are men, 
I ... by reason of the 'push' and energy which have enabled them to 
accumulate money or property are amongst the most Influential of 
their class and with their classl. (p. 134). 
Engels(1882) argued that the skilled workers in Britain were a divisive 
element in working class solidarity, dominated by the Liberal party and 
participating in the domination associated with England's monopoly of the 
world market: 
'English workers are... naturally the tall of the 'Great Liberal Party' 
which for its part pays them small attentions, recognises trade 
unions and strikes as legitimate ... there is no workers' party here, there are only Conservatives and Liberal-Fadicals. '(p. 398). 
The Vebbs(1920) cited the mid-nineteenth century as the significant 
period for working class political change. According to their view the 
early part of the century had been cbaracterlsed by radical socialist 
ideology. This gave way later to a more 'cautious and conciliatory 
approach (rendered) by a bourgeois economic philosophy'. 
## The term 'artisan' 'often appears In the literature as synonozous with 
skilled craftsman. This seems to be its use in generalized accounts of 
the history of technology and labour history; or as part of a hierarchy 
of authority relations in the division of labour in sociological accounts, 
I make the point that the term can have a =are precise connotation, 
namely, 'instruction In the arts'. In this sense artisans in the 19th 
century were craftsmen responsible for Instruction in the /art 
-35- 
Such theories have a, fairly long history and give credence to an 
embourgeoisement model found in some historical accounts. Saville(1954). 
for example, points to the collapse of Chartism as a watershed in working 
class political ideas. After the 1850s. he argues, 
'... there was an accommodation to bourgeois society by sections of 
the working class ... I(p. 156). 
Roberts(1958) put the view regarding the l9th century unions, 
'The trade union movement had embraced the doctrines of the Liberal 
party... I(p. 94) 
Thalfseu(1961) argues that the the most strikingly conservative 
characteristic of English democracy in the period f rom 1870 was the 
I ... staunch loyalty of the working class elite to Liberalism and the 
Liberal Partyl(p. 2457). 
Hobsbawm(1968) argues that the artisan groups were, 
#an aristocracy of labour enjoying special privileges 
and therefore inclined to accept the views of the employers' (p. 273). 
This view Is elaborated by Tholfsen(1971) and seems to me to 
characterise more recent perspectives which rely on a functionalist 
interpretation of skilled working class politics of the 19th century. The 
focus is on the artisans' reliability and stability, theorised within a 
structural functionalist framework: 
'The whole system operated to internalise the dominant 
values ... Shared values internalised, and Institutionallsed, constituted 
a powerful self -stabilising mechanism in a culture prevailed by 
social tension ... I(P. 61). 
ff 
of engineering craftmanship. usually in relation to young workers. It 
also implied a kind of 'sub-managerial' function, a view put forward by 
Foster(1973), Brecher et al(1978), and Stark(1980). This function entailed 
the supervision of other, mostly unskilled, workers. The employer could 
not necessarily tell artisans how a job should be done; the artisan thus 
generally took responsibility for the instruction and supervision of 
unskilled workers and apprentices. There was often no other source of 
instruction available. 
For the purposes of my study the term 'artisan' Is used to suggest 
the dual aspect of skilled engineering workers' tasks., the manufacture of 
engineering products by hand and machine to relatively high levels of 
accuracy, and the supervision and instruction of young workers, 
apprentices. This was an historical from of craft development and 
training adopted by most trades and embodied in the articles of the 
Amalgamated Society of Engineers(ASE)o the principal trade union of metal 
workers in the l9th century. The artisan-apprentice model of trade 
training was the only form of such training for skilled trades throughout 
most of the century. 
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Existing accounts thus emphasize the tendency of 'artisan groups to 
distance themselves from unskilled labourers, sometimes referred to In the 
period as ' 'handymen'. This particular stress points to their claim to 
exclusivity in labour and a possible connection between the artisans, 
demands for a retention of the apprenticeship system and recurring 
conflict within the engineering industry. 
1.6.1. ArtIsAn Exclusivity mnd Tnter-Vorker Cnnfllct 
Writers an the period have thus focused on the artisans' concern 
with maintaining an ocupational distance from the unskilled. 
Hobsbawm(1954) stresses this aspect, arguing 'the artisan or 
craftsman was not' under any circumstances to be confused with a 
I'labourer"'. 'He quotes the Victorian craftsman-writer, Wright(Our New 
Masters, 1873) 
I ... labourers are an inferior class ... they should be made to know and 
keep their place. '(p. 204). 
HobsbawmIs main' argument focuses on the power Ilabour aristocrats" held 
vis a, vis the unskilled, which enabled them to receive relatively high 
wages and to make their labour artificially scarce: 11 , 
'Only certain types of workers were in a position to make or keep 
their labour scarce enough, or valuable enough, to strike a good 
bargain. But the relatively favourable terms they got were ... actually 
achieved at the expense of their less favoured 
colleagues ... 1(1()68, p. 322). 
Yeale (1968) adopting a similar perspective also examines ý the way artisans 
sought to distance themselves from the unskilled. He, argues that the 
outstanding feature of histories of Individual unions was 'the workers 
overwhelming concern with their own sectional interests'. 
As far as engineering workers were concerned, this 'ideology was 
clearly evident in the policies of the I'M century 'Amalgamated Society 
of Engineers(ASE). In his history of the Union, Jefferys(1945) points out 
that the ASE did not claim that it was its duty to secure the objects of 
" 'class', but rather to 'exercise... control over that in which we have 
" vested Interest' (P. 20). 
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Gray(1973) argued that theories such as those initiated by the 
Vebbs were contradictory and over-simplified. The new model unions of the 
kind referred to by the Vebbs, composed entirely of skilled artisans, 
were often loathe' to accept patronage and perceived their situation, 
relative to middle class groups, as 'bargaining rather than 
subordination' (p. 450). The basis of the transition from subordination to 
bargaining was the skilled workers' exclusivity, which, according to Gray, 
was the source of 'social tension' (p. 450). 
I 
His concern was to examine the extent to which one can detect an 
articulation of a cultural Identity, a self-conscious exclusiveness by an 
$upper stratum' of skilled workers. He argues that there was a 
transmission of middle class values, based an the cultural exclusion of 
less-favoured working classs groups, the unskilled. (p. 451). 
Rearn(1978) held it was the exclusionary characteristic of the 
labour 'aristocrats' which enabled them to move from a subordinate 
position to a bargaining status with the employers. He maintained this 
transition was strengthened by qualified support for skilled workers by 
the middle classes through the press (and government). Artisans were 
portrayed as exemplars of what was possible through initiative and 
determination. Hearn viewing this process as -'accommodation' argues 
working class values became circumscribed within an 'ethic of self-help; 
the Ilabour aristocrats' were no longer perceived as 'challenging existing 
Inequalities' (p. 168). 
Berg(1979) also identifies skilled artisans In terns of their 
exclusiveness and their ability to distance themselves from the 
unskilled (p. 1 D., The distinction between the skilled and the unskilled and 
the appeal to exclusiveness depended, she argued$ on the 'continued 
existence of a small number of important skills in basic 
Industries. I (loc. cit). 
I believe that status-consciousness an the part of artisans 
highlighted a significant source of conflict between skilled workers and 
the generality of labour.,, This skilled-unskilled labour dichotomy, was 
exploited by the employers in the second half of the century, particularly 
over the question of machine manning. 
A different perspective is found In Foster(1971), ý, He argues that 
after the 1840s a new stratum of privileged workers, differing from the 
traditional labour aristocrats of the earlier decades, was created. This 
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labour elite combined high levels of skill, with direct supervisory tasks 
under a 'piecemaster' system. He maintains, - 
'The industry's technological growth demanded a new structure of 
authority, one in which the skilled top one-third of the labour 
force acted as pacemakers and taskmasters over the rest ... I (p. 228 et seq, ) 
Foster seems to rely too heavily on a technologically deterministic view 
of 19th century industrialisation. For example. his argument that 'the 
technological demands of the industry... identified firmly the skilled 
worker with management ... '(Ibid. ), is not entirely supported by the 
evidence, which I produce in my study, of contradictions and conflicts 
within the social relations of production. 
Melling(1980) also argues that in general sub-contracting and 
piecework were 
'most prevalent in those occupations possessing little claim to 
craft expertise, or where the existence of a job control excluded the 
possibility of intensive management supervision ... I(P. 191). 
Some accounts reject simplified and determinist notions of technological 
and labour control changes and attribute more assertive responses to 
skilled workers. 
- Clements(1961) dismisses arguments centred an the subordination of 
the working class, concluding that changes in trade union philosophy 
after Chartism were I ... seldom the outcome of submissive obedience to 
orthodox economics ... I (p. 104). 
Price(1973) in his study of 19th century working men's clubs cones 
out firmly against subardinationist theories. He argues that It was a 
'nonsense' to suggest that middle class guidance was necessary for the 
working class to accomplish moral and social improvement (p. 48). While 
Musson(1976) maintains that engineering employers, In particular, had 
little to gain 
I ... from an increase In high wage differentials of skilled craft 
workers or to sustain a I'labour aristocracy"'. (p. 20). 
Grossick(1976) also- argues against an embourgeoisement thesis. He 
suggests that the process of ideological hegemony through which the 
middle classes contained section of the working classes was a far more 
subtle and ambiguous process-than that allowed for by the orthodoxy of a 
labour aristocracy. 
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He also criticises theories which portray the working ý class as 
acquiescing in its own indoctrination into middle class values and ideals 
(p303). 
What was the upper echelon of the ýworking class, how was it 
appraised and to what extent was It an influential caucus? One particular 
designation, the 'Junta', seems to encapsulate the nature of a relatively 
small elite. 
Somp 
for Skilled Vnrkers wlth Sppciml Rafarenrp to Tha 
'Junta, 
I believe most historical and socio-economic evidence Indicates that 
much importance was attached by artisans to the maintenance of their 
power over workshop relations, particularly with reference to the control 
of apprentices and unskilled labour. This was a feature of artisan 
autonomy, plainly deriving from their strength as organized, unionized 
labour. The mass of the unskilled was non-unionized for much of the 19th 
century. Being part of a highly structured organization, the artisans, 
however, were equipped to protect their interests against expanding 
employer authority. Therefore decisions reached at Congress reflected only 
the concerns of the skilled workers, without necessary reference to the 
unskilled. It seems to me that this particular configuration of industrial 
labour was a significant context In which to locate an analysis of 
employer-employee relations from the 1880s. It also provides the 
framework for an examination of the status hierarchy of labour, whose 
upper echelon of administration, up to about 1871 was referred to as the 
'Junta'. This group generated particular resentment within unskilled 
workers due to its persistence in distancing Itself from the unskilled 
in order to maintain status and privilege. Unskilled worker reaction was 
articulated for a time'through a journal, the Bee-Hive, and the through 
the personal antagonism of the editor# Patter. 
Being members of craft unions was evidence that artisans were 'not 
in the business of promoting class solidarity; Conference resolutions 
represented a minority working class view. Hobsbawm(1981) has 
suggested, for example, that at no time In the Victorian period did this 
group exceed more than 15 per cent of the working class(p. 104). 
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From the 1850s the ASE had been regarded as the archetypal craf t 
union; highly structured and wide-ranging after amalgamation, well- 
administered and financed; and dominated by the skilled artisans, 
particularly the fitters. Artisan exclusivity may be thus illustrated with 
reference to the ASE. Allen, ASE secretary, In his evidence to the 1867 
Royal Commission on Trades Unions, made clear the position of craft 
unions via a via non-unionists. Referring to a 'non-union' Trade 
Conference held in London, he said 
'... (those) that convened the meeting do not belong to any trade 
society at all ... we refused to connect ourselves with them in any 
shape or form ... IMC on T. U. (1867) Q. 998). 
Burns, secretary In the 1880s, was to re-present this view in stronger 
terms much later, making the point that technical education was the 
preserve of the skilled workers. There was a need, he argued, 
I ... to impress upon the minds of the employers that unionists are Indeed the pick of British artisans ... I 
This Judgement was extended by the observation that 'unorganized 
labour was dangerous to 
, 
social order ... l(Burnett. J. (1886) p. 38). 
I believe the exercise of these forms of social organization, 
maintaining differentials between the skilled and the unskilled, typified 
the relations between the so-called 'Junta' and non-unionized workers. I 
do not consider it necessary to analyze too deeply the politics of the 
trade union movement here, but to highlight the anatgonistic relations 
between the Junta and Potter, and between the, highly skilled and the 
labourers that seem to point up the contradictory elements active In the 
trade union movement about this time. They provide a significant focus 
for an analysis of a crucial development, the alignment of the unskilled 
workers and the employers, in the period preceding the Great Strike and 
Lockout in 1897/8. 
Thg 'Juntm'., 'An Innf! r- C-AbInCt 
The 'Junta' was a name coined by the Webbs In referring . 
to a small 
group of leading trade unionists of the period who constituted an 'inner 
caucust of the movement. They were the general secretaries of the 
principal unions, and were bitterly opposed by the leader of a much 
smaller, relatively insignificant uniono George Potter(the London 
Carpenters). The Webbs' account of this rivalry seems to me to point up 
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the nature of the distinction between , workers- of high status and 
labourers. 
The Yebbs argued, 
'It is difficult to convey any adequate idea of the extraordinary 
personal influence exercised by (the Junta), 
_ 
not only 
, 
an their 
immediate associates, but also as Interpreters of the trade union 
movement, upon the public and governing classes ... for the first time In the century the working class movement came under the direction, 
not of middle class sympathisers like Place, Owen, Roberts, O'Connor 
or Duncombe, but of genuine working men trained for the 
position ... I(Yebb, S. & B. (1907) p. 2211. 
The group -for whom the Webbs had such 'high- regard were 
Allen (Engineers). Applegarth (Carpenters), Guile (Ironfounders), 
Coulson(London Bricklayers), Odger (Shoemakers). 
Together these turned to the newly-established ýTrade Councils (local 
branches of the leading unions) to make them the political organs of the 
trade union movement. The Webbs held that between 1867 and 1871 this 
small elite, 'the effective cabinet of trade movement ... I(Ibid. p. 240)', 
dominated trade affairs through meetings under the auspices of the 
'Conference of Amalgamated Trades'. They exercised ,a distinctive 
combination of extreme caution in trade matters and 'energetic' agitation 
for political reforns. (Ibid. p. 223). 
It seems that it was this tendency, caution, which precipitated the 
major rift with Patter In 1865. Potter, through -the Bee-Hive, advocated 
active support for striking Yorth Staffordshire ironworkers; a -policy 
which directly opposed the Junta's cautious control from the centre. The 
issue exemplified the conflicts over the question of trade union 
nilitancy(Kynaston(1976)p. 261. 
Patter represented the London Workingmen's Association, held by the 
Webbs to be, ý '... an umimportant society of nondescript persons ... (Yebbs 
op. cit p. 225). 
Through his journal. the Bee-Hive, he maintained, his personal and 
political opposition to the 'Junta'. The general secretary , of the 
ASE, Allen, he said was '... full bodied, but empty headed ... I Applegarth he 
referred to as I ... the conceited, priggish secretary of the amalgamated 
carpenters ... 1(loc. cit). A recent analysis argues that Patter was Intent an 
making a name for himself as a 'good -Gladstonian 
Liberal I(Caltham (1965)p. 531. 
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In the context of my thesis it seems to me that the mutual 
antagonism displayed by Patter and the 'Junta' symbolized the underlying 
contradictions In working class ýrelations throughout the latter half of 
the century. It was significant, for example, that Burnett(ASE secretary), 
in his denunciation of the unskilled as 'a threat to social order', 
emphasized the growing fracture in working class solidarity by suggesting 
that technical education was the preserve of the skilled worker. 
In a more pragmatic sense, the ineffectualness of the non-aligned 
unionists in confronting the employers was highlighted In the rivalry 
between Potter and the 'Junta'. This was brought out in the submissions 
made to the Royal commission of 1867 an Trade Unions. 
In giving his evidence Potter was 'edgy - and defensive In -manner, 
leaving a poor impression', whereas members of the 'Junta', Allen and 
Applegarth 'shone almost continually l(Kynaston (1976)p. 271. 
Clearly, in the wider context of Industrial, relations Potter was less 
well placed to confront any anti-union tendencies on the part of 
employers. It seems to me however, that this period characterized by 
working class animosity, and Potter's attempts to challenge the power and 
influence of the 'Junta' underlines my argument that the employers, with 
control over new technologies, were able to exploit working class 
rivalries to weaken the historical status and privileges of the artisans. 
By the 1880s and 1890s this was to have a profound effect an the ability 
of the craft unions to challenge the widening hegemony of the employers. 
Existing accounts' of the Ilabour aristocracy' suggest that, two 
interpenetrating conceptions may, be distinguished. 
The f irst points to the idea of an 'aristocracy' of labour as a 
privileged group intent-on self-elevation; a kind of moral category. 
The second, suggests a self-centred political structure in which 
groups, such as craft engineers as -represented by the ASH, sought to 
achieve and maintain power and status via a via other workers. The 
essential feature of this model was the privileged groups' exclusivity and 
conservatism. 
It will be part of my case that many analyses focus an categories 
such as Ilabour aristocrats' or Ilabourers', without clearly - locatin& then 
In defined, production relations. Because they also provide Inadequate or 
ambiguous definitions of skill, the basis of the contradictions in power 
relations and the - tendency for 19th century manufacturing to be 
characterized by industrial conflicts, Is Inadeqately -examined. 
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I believe the interaction between two major groups in the principal 
manufacturing industry in the l9th century. and also within workers' 
groups, highlights the designation of groups as 'skilled' or 'unskilled' as 
part of a wider socio-historical process. These categories emerged from 
struggles within a long-standing system of power-relations in Industry. , 
These struggles were over control of the labour process as much as 
issues of economic or technical management innovation, or questions of 
wages or skilled worker status. -I therefore make central the conflicts 
arising out of changes In the mode of production and reorganisation of 
the workplace. 
Concepts such as Ilabour aristocrats' have Increased explanatory 
power if they extend to forces outside the production process, for 
example to the system of trade training and education, the apprenticeship. 
It was this system that produced a highly skilled minority of workers. 
Some accounts refer to this process, but produce models which are 
incomplete. 
1.9.0. - t, Surnmx= and DincussInn 
In this chapter I have examined a number of accounts which have 
dealt with 19th century tool Innovations; and examined the use of the 
concept Ilabour aristocracy' in the literature. 
Examination of these studies, In the nain, ý confirms my original 
hypothesis that 'they are set too firmly within a specific -discipline 
boundary set by socier-economic analysis and are restricted by orthodox 
parameters of the discipline. Technological developments within this 
framework which I have examined, therefore sea no need to - analyse 
machine tool innovations in terms of their relation to other 
developments, such as changes in the means of labour control, work 
reorganisation, or the possible implications for technical training and 
Aucation. 
The economistic perspectives In these accounts provide Insufficient 
analysis of modifications to the division of labour which paralleled new 
l9th century technologies. This is exemplified In their treatment of the 
work of prominent Victorian engineer-employers such as Maudslay, Nasmyth 
and Whitworth-The invention of machines to cheapen parts Is detailed, 
with much emphasis on the technical contribution of these eminent 
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engineers. A similar position is taken regarding the research into the 
metallurgy of cutting metals by the American engineer, F. V. Taylar, active 
in the first two decades of the 20th century. But the relation between 
the implementation by engineering employers of these innovations, and 
their rearganisation of work processes based on an Increasing division of 
labour in the workshops is insufficiently explored. 
My view is that the literature on technological development Is 
restricted by undue emphasis on an evolutionary expansion of the 
hardware of machine tool technology. The transfer of control of new 
technologies is not perceived as part of a contested power struggle. The 
use of deterministic models of technology also precludes analysis of the 
inherent conflict in much 19th century technological Innovation. There Is 
need therefore to turn to other sources which might provide more insight 
into these factors of technical, change. 
,- In 'the next chapter I seek to extend the analysis beyond the 
artefacts and relate them to both the system of power relations in the 
workshop and to developments outside the workshops. I demonstrate that 
there was a relationship between the, implementation of new technologies 
by significant employers, overseeing the devaluation of craft skills, and 
their declining, interest in maintaining a structured system of trade 
training. 
I offer an account of the development of 19th century machine tool 
technologies, with special reference to the work of Maudslay, Nasmyth, and 
Vhitworth. I believe these Victorian engineer-entrepreneurs were more 
than inventors of genius, and may-also be seen as effective ezployersý'in 
the sense that they accelerated the decline of the apprenticeship In the 
general workshops. They were charismatic , figures of the age who 
indirectly, but crucially influenced the views of the generality of 
employers regarding technical education. 
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VICTOR TAN, VWQ TIFER-ENTREPERIEFURS'AS RKPLnYRRS-, THR 
WORK OF MAUDSLAY. NASMYTH. AND VHITWQRTH 
It has been wellý documented that important -changes in the technical 
code of production were intitiated in the 1850s, and earlier, by engineer- 
entrepreneurs such as Muir, Nuaudslay, Fairbairn, Nasmyth, and Whitworth 
(Spon(1873), Smiles(1676), Roe(1916). Clapham(1938), Chadwick(1987) 
Galloway(1967), Steeds(1970), Cardwell(1972) , XcGuffie(1986)11. But it, 
seems to me that most studies do notý, acknowledge that early 
technological innovations may have been also closely related, to changing 
strategies of labour control. This may be Illustrated with reference to 
Whitworth's work an precision measurement and standardsle In engineering 
and manufacturing production. 1, 
In most accounts of the development of technology, technological 
factors such as Vhitworth's research into metrology and machine tool 
developments are invariably treated as elements, In the evolution of now 
classes of machines and of new metrological precision. For me his 
technological innovations also entailed the reorganization of technical 
and labour control in the workshops and nay thus be considered as 
significant factors in changing employer-employee relations. 
Standards' is the name given' to a system of measurements which sets down 
limits within which certain component parts in engineering are to be 
manufactured; these - limits are known as 'tolerances'. It was a 
characteristic of skilled workers to be able to work to 'close' 
tolerances, i. e. work within precise limits. 
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I believe it can be shown that the standards of -measurement and gauging 
with which Whitworth was deeply engaged, were fundamental to the creation 
of new levels of workshop precision and his innovative work, in this 
factor of production accelerated the demiseý of the apprenticeship system 
by encouraging theý principle of substitution. The decline of the 
apprenticeship reflected the employers' increasing control over skilled 
labour and precision manufacture particularly. There areý important 
parallels to be drawn between the substitution , of , parts 
(interchangeabiity based an fixed standards of measurement) and the 
substitution of labour (part of the process of Ide-skIlling' of Jobs and 
workers). 
There Is a need to explain how the specifics of engineering 
production, such as new techniques of precision measurement and control 
of rapid metal removal in cutting operations, were significant for 
employers in their attempts to control skilled labour. What did 'the 
changes mean for workers? What did 'de-skilling' mean in terms of the 
techniques used In cutting metal? How could employers gain by increasing 
their use of less-skilled workers? and what actually -happened in Ahe 
workshops when, as is argued, Ide-skilling' (or Ire-skilling') took place; 
and why is this process perceived as such a critical elemenVin existing 
accounts of technical change? Two further issues relating to these 
questions require elaboration and ý concern the nature of the skilled 
workers' resistance and subordination. Price(1983). for example. In 
focusing an the dynamic between resistance and subordination argues that 
I ... the elements of subordination possessed an ýInherent dialectic ... they would also react upon (those) traditions to create 
new forms of resistance ... I (P-68) 
On the one hand, therefore, were issues concerning the employers' attempts 
to extend their control over the planning and organization of artisans' 
work. Up to the middle of the l9th century it was the practice to view 
the self-activity of the skilled workers as autonomous, particularly with 
reference to the planning and execution of production processes. The 
artisan's traditional function of production control was increasingly 
curtailed by the employers' Implementation and control of new 
tecahnologies after the 1650s. 
On the other hand, there was persistent artisan resistance to 
management reorganization of work. Historically, skilled workers 
demonstrated their 'indispensability' by working with reasonable speed 
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and accuracy. In practice this meant the employers were forced to rely 
upon artisans to produce work to 'acceptable' tolerances in a situation 
where there were no universal standards governing levels of 
accuracy. [Note 1 on p. 75 below provides an Illustration of the high level 
of expertise and arithmetical skills demanded of artisan machinist]. In 
this area of work Whitworth's significant research on standards clearly 
affected the crucial element of artisan control over accuracy in the 
actual processes of production. Technical and social control of the 
workplace underwent fundamental changes, creating resistance from skilled 
labour. 
An account of 19th century technical change can not be separated, In 
my view, from analysis of the major employers' concern to transform the 
organization of engineering work and extend their control over the 
planning and execution of the total labour process. 
Technical changes can also be explained in a way which shows their 
importance in the understanding of at least two related factors: the 
demise of the apprenticeship system; and the foundation of a formal and 
separate technical education sytem based predominantly an a part-time 
principle. - 
This chapter, centering an Xaudslay, Whitworth, and lasmyth, begins 
with the development of the slide rest and cross-slide (a smaller slide 
to manoeuvre the tools, mounted an the slide rest). It is generally agreed 
that the slide rest was central to modern machining processes in order 
to more effectively control cutting tools, and Improve precision. My case 
is that its extension to other machines also enabled employers to enlarge 
their control over skilled machine labour and have direct influence upon 
the method and pace of production. The artisan response was to challenge 
work reorganization based increasingly an substitution which new machine 
tool design stimulated. 
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2.1.0 
The Slldg Rest PrInciplom ayi4 the T--qup nf Machita Tnnl Annurany! 
Thp Vnrk nf H Maudal" 
Overall design and construction of the common ýachine tools had 
remained fairly constant up to about the 1840's. There were a number of 
recurring production problems. First, general purpose machines, usually 
made of iron and wood, were often subject to errors of alignment i. e. 
parts of the machines were not always accurately located with other 
parts. Second, and of particular concern to employers, was reliance upon 
manual control of the cutting tool. This involved rigidly holding and 
guiding the tool as it moved along the metal being cut, the 'workpiecal, 
in a way which removed surplus metal according to the required size and 
'finish'. The 'finish' is the condition of the surface of the metal after 
being cut; it may vary from 'rough' to 'very smooth'. It was standard 
practice for the machinist an the most common machine tool of the day, 
the lathe, to hold the cutting tool in his hands against a *rest' in order 
to cut the metal. [Span (1874), Smiles (1878), Musson & Robinson (1989)]. 
The slide rest was designed by Xaudslay to rigidly hold and guide 
the cutting tool. It was clamped to a sliding part of the machine usually 
a lathe, which f itted over the bed. or base, of the machine; this was 
called the *saddle'. The more exact fitting of the slide-rest also refined 
the f itting of the 'saddle' an the machine for precision machining. The 
purpose of the slide rest was therefore to grip the cutting tool as It 
cut Into the metal being machined, as the slide rest, an, the saddle, moved 
precisely along the bed of the lathe, driven by a long screw. (Galloway, 
D. F. (1958) in Singer, Charles et al. (1958) Ch. 26. Voodbury, R. S. 
(1978) in Villiamson, T. I. (1958) pt. III. 
One innovatory development clearly associated with it, and, In my 
view, of particular significance to employers, was the application of this 
device on machines designed for the replication of machined parts in 
large numbers at a rate which superseded handcraft productions-, and which 
enabled production costs to be more effectively controlled. Samuel Smiles 
(1876) writes of this development., 
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'The effect of the introduction of the slide' rest were felt in all 
departments of mechanism ... all kinds of work could now be turned 
out in quantity and at a price that for its use, could never have 
been practicable ... various modifications were introduced ... the result of which has been that extraordinary development of 
mechanical production and power ... I (Smiles, Samuel (1876) p. 2141 
Important changes in machining practice, using unskilled workers had 
clearly been introduced through the 
, work of 
Whitworth and Maudslay, 
particularly through the use of the slide rest concept. Originally 
designed by Maudslay for use an the centre lathe, the slide rest was 
later Incorporated In a wider range of machine tools. Xachining had been 
simplified and control of the cutting tools and finish became features of 
the machine tool and not the worker. Nasmyth said: 
... now that slide lathes and planing machines are becoming so very 
common in workshops ... and that nuch rachlnen. frnm their mutmmAtle- 
power. nn longer require racrularly hresd Tnechmnlre-, tn mttpnd thpzL, 
it becomes more than necessary to reduce the subject to those 
simple principles to which it is capable, so that the subject may be 
brought within the range of the supposed inferior capacity of a 
humbler grade of men, from whom we want no more than careful 
attention to secure the best results from these, surprisingly 
productive machines'. (Nasmyth, (1841) p. 4111(ny emphasis). 
'Engineering 
production methods in the second half of the nineteenth 
century were therefore profoundly influenced by the employers' 
development and implementation of new machines. From the 1890s they were 
increasingly used in mass-produced products such as typewriters, sewing 
machines, bicycles; and to accommodate increased demand for firearms, 
particularly small arms. I focus later In the chapter on small arms 
production, taking the example of Colt's factory in London as an 
illustration of the range and control possible with the new technologies. 
2.2.0 
The Slide Rest was the first mechanical invention of significance 
that literally removed the cutting tool from the craftsman's hand. As 
Evans (1986) noted: 
I... after 1800 the lathe was a new animal the workman's hand to 
longer held the cutting tool. The tool moved lef t and higher, in 
and out, by turning long screws' (p. 15) 
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That is, the cutting tool was located on the machine tool Itself and was 
Integral to it. As the slide-rest travelled, along the metal, the cutting 
took place. The setting of the tool relative to the metal being cut had 
always demanded high levels of skill, e. g. consistency of pressure in 
hand-held tools. 
Nasmyth, a leading engineering employer of the day, said the slide 
rest was, 
of great importance ... and consists in substitution of a 
mechanical contrivance In place of the human hand, for holding, 
applying, and directing the notions of a cutting tool to the surface 
of the work to be cut, by which we are enabled to constrain the tool 
to move along or, across the surface of an object ... with absolute 
precision ... I Clasmyth. J. (1841) in Buchanan, R. (1841) p. 3951 
The main effect of the slide rest was that machining skills were 
mechanised, -and grossly simplified. and plain machine operations 
henceforth required less manual skill. It was thus the first major 
development in machine tool construction which facilitated the transfer 
of control by the worker over the actual process of tool cutting. 
The saddle was moved along the machine bed by the action of long 
screws, called Ileadscrews'. These screws were originally designed and 
made by Maudslay and were precisely hand manufactured. Improved lead- 
screws were later developed by Whitworth and incorporated into the 
cross-slide; an innovation which also greatly increased the accuracy of 
the cut and finish. 
2.3.0 
Vhltwnrth mnd thp PrinnIplaq mf Varkshop Oft"IlDr and IcAn"rPment 
The machinist worked to given sizes, but he determined the accuracy 
of the finished size. There was a margin or error tolerated an any given 
size. This error was later called 'tolerance'. The tolerance was the 
total deviation, plus or minus from the size of the component, called a 
'dimension'. The more accurate the work., tbe closer the tolerance an any 
given dimension. 
Workers in workshops such as Whitworth's were given limits within 
which to manufacture any components. Working within 'limits' therefore 
presupposed acceptable levels of accuracy and finish, and was essential 
to what was to become known as interchangeability. 
, 
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It was in this area that Whitworth made a highly, significant 
contribution to workshop practice and labour control, from the 1840's. 
He regarded accuracy of size and finish an machines as an essential basis 
for the accuracy of work later produced: 
'Every consideration combines to enforce accuracy, ... when it is considered that the lathe and planing machine are used in the 
making of all other machines, and are continually reproducing 
surfaces similar to their own it will manifestly appear of the first 
importance that they themselves should be perfect models. ' 
Whitworth (1840) p. 83 
Whitworth argued that there were two crucial elements governing the 
construction of machines, these he referred to as the 'true plane', and 
the 'power of measurement', 'the latter cannot be attained without the 
former' (Whitworth (1856)]. 
Whitworth had joined Henry Maudslay in his works in London in 1825 
and developed his system of 'true planes' during his time there. The 
principal virtue of the truly plane surface was that for all kinds of 
mechanisms which Involved one surface sliding over another, as in many 
machine parts, frictional resistance could be reduced to a minimum. With 
this development a new standard of accuracy In mechanical construction 
and measurement became possible. 
A sequel to the discovery of the true plans was Whitworth's 
introduction of a system of measurement of 'ideal exactness'. This was 
formalised between 1840 and 1850 by the conception and development of 
his measuring machine. (National Biographical Dictionary, p1671. As 
Whitworth said with reference to the discretion allowed to workers 
regarding sizes: 
'What exact notion can any man have of such a size as 'bare 
sixteenth' or a 'full thirty-second' and what Inconvenient results 
may ensue from the different notions of different workmen as to the 
value of these terms'. EVhitworth, J. (1857) p. 491. 
This observation by Vhitworth shows workers were exercising control over 
the work being done to the extent of determining what levels of accuracy 
were possible. The quotation implies a wide latitude available to 
workers, with imprecise limits: 'bare sixteenth' or 'full thirty-second'. 
That is, they worked to a given dimension within a sixteenth of an Inch 
or a thirty-second of an inch, of that size. The final precise 
measurement rested with the worker. Vhitworth argued that no form of 
standardisation was possible with such imprecision in manufactured work. 
His point of departure was the true plane from which, he derived much 
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closer control over accuracy, I. e. he developed closer 'tolerances'. This 
control also meant he was able to remove the discretion over the final 
size from the worker. The artisan was required to work to prescribed 
limits, set by the employer. 
The concept of 'tolerance' was Incorporated Into agreed standards. 
That is, instead of expressions such as 'bare sixteenth', a consistent set 
of tolerances would be specified relating to an acceptable margin of 
error within a given range of common sizes in engineering practice. Thus 
the larger common sizes in standard engineering practice would have a 
bigger tolerance than smaller common sizes; but they would remain 
constant and thus, more or less, replicable. 
This was the foundation of the principles of standardisation in 
sizes, and Interchangeability. 
2,3.1. 
Vhitwnrthl-i Rpnt%arch into Prpcfnp Measurpynnnt 
The basis of measurement in the 19th century workshop was the 
Imperial inch, and the most common instrument was the ruler, graduated 
down to a thirty-second of an inch or a sixty-fourth. That Is, the 
closest limit was a sixth-fourth of an Inch. 
Whitworth was convinced that no system of measurement depending an 
sight was suitable for accurately determining the size of engineering 
components. Where exact size or good fitting was required be argued that 
a sense of touch was far more reliable. (Whitworth (1857) p. 481 Thus he 
devised a new measuring machine, the basis of which was a system of 
parallel blocks of polished metal, so arranged that of two parallel 
surfaces one can be moved nearer or further f ran the other by means of a 
screw. The movements of the screw could be measured for each turn or 
part of a turn and hence the distance moved by the moving plane. 
The screw thread on the machine had 20 threads to an inch; attached 
to the screw was a wheel, called a micrometer wheel, with 500 graduated 
divisions. With one division of movement of the wheel, the screw would 
advance or retard 1-500th of a turn, that Is by 1-10,000th of an inch. 
Whitworth subsequently showed that the movement of a fourth part of a 
division, being 1-40,000th of an Inch, was 'distinctly felt and gauged'. 
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By 1859 the neasurIng machine had been refined to the stage where 
'movement of the micrometer wheel through one division, which is the 
millionth of an inch, is sufficient to cause the feeling piece to be 
suspended or to fall by Its gravity'. (Whitworth, J. (1876) p. 661 
2.3. il 
Whitworth's metrological research had convinced him of the Importance of 
accuracy and InformitY In the area of screw threads. Before his work in 
precision measurement, screws had been manufactured on an ad hoc basis 
with no recognised principle or system; each workshop manufactured a 
type of its own. Individual variations In screw thread sizes indicate 
another source of control in the workshops, exercised by artisans. 
Smiles (1878) noted In his description of screw threads; 
'There was an utter want of uniformity. No system was-observed as 
to "pitch" ... nor was any rule followed as to the form of , ... 
threads. Every bolt and nut was a sort of speciality In Itself ... 
to such an extent was (the) irregularity carried, that all bolts and 
their corresponding nuts had to be marked as belonging to each 
other; and any mixing of them together led to endless trouble, 
hopeless confusion, and enormous expense'. (p. 2261 
The value of the screw thread and its application as a means of 
transmitting linear motion for a given rotational movement was realised 
in machine tool production. It is in this sector of machine tool building 
that Whitworth's contact with Naudslay seems to have been so 
Influential. As Evans (1986) has argued, with reference to precise 
measurement in the early 19th century, with Maudslay's 'beautiful screws, 
It was possible to measure with great accuracy. 
'Our modern precision machining and measurements are descendants of 
their patriarchal Xaudslay screw' (p. 15) 
The micrometer wheal principle an Whitworth's measuring machine was 
employed in conjunction with accurately made screws. It was also used on 
hand wheels of machine tools so that the worker could determine precise 
movement of sliding machine parts lie was controlling. 
The use of screw thread principles, was early recoguised in screw 
bolts to join certain parts of machinery. The screw bolt had power, 
strength and durability: 
it is peculiarly adapted for (this) purpose by the compact form 
in which it possess the necessary strength and mechanical power'. 
(Whitworth, J. (1841) in Spon. E&F. T. (1882) p. 191 
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The importance of accurately made screw bolts improved the location and 
fitting of machined components. The other common forms of Joining were 
riveting and welding. The advantage of bolted components was that they 
could be subsequently separated with relative ease. 
The lack of uniformity of screw threads generated a wide range of 
threads with varying pitch (the distance from a point an a thread to the 
corresponding point of the next thread), and thread angles (the slope of 
the thread relative to the axis of the bolt or screw). Whitworth as 
early as the 1840's observed that the 0... economy and manifold advantage 
resulting from uniformity ... must be sufficiently obvious'. (Whitworth 
(1841), In Span (1882) p. 181 
Whitworth collected an extensive assortment of screw bolts from 
different English workshops, and deduced as a compromise an average 
pitch of thread, for different diameters; and also a mean thread angle of 
55', which he adopted all through the scale of sizes. By 1860 the 
Whitworth system was in general use. [National Biographical Dictionary 
ap. cit. pl651 The system came down into modern workshop practice as the 
British Standard Whitworth system; threads Incorporating his standard 
specifications being designated B-S. W. Whitworth's denomination of 
standard gauges were approved by the Privy Council In 1881, as standard 
under the Weights and Measures Act 1878. (Whitworth (1876) Appendix] 
2.3. iii. 
Whitworth argued that a system of standardised parts. made, to high 
levels of accuracy, was essential to interchangeability. The evidence 
shows he was clearly aware that the maintenance of manufacturing 
precision rested with the artisan's measuring skills. He therefore 
concluded that if a means of replacing those particular skills could be 
found, the employers' dependence an the artisan could be reduced or 
eliminated, and some kind of uniformity or 'standard' introduced. Using 
his own advanced measuring machine he developed a, system of workshop 
gauges designed to check, rather than measure, specific components over a 
range of common workshop sizes (Whitworth (1856,1883). 
Thus in the production of close fitting parts of machinery. precise 
measurement was indispensable to ensure accurately fitting work. 
Whitworth illustrated the Importance of very small differences of size 
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with gauges (devices for checking, within closely prescribed limits or 
tolerances) ... 
'I have ... as internal gauge having a cylindrical aperture . 5770 inch diameter, and two external gauges or solid cylinders, one being 
. 5769 and the other . 5770 inch diameter. The- latter Is 1-10,000th 
of an inch larger than the former, and fits tightly in the internal 
gauge when both are clean and dry, while the smaller . 5769 in gauge is so loose in it as to appear not to f It at all ... it is therefore 
obvious both to the eye and the touchs that the difference between 
these two cylinders of 1-10,000tbs of an inch is an appreciable and 
important quantity'. Whitworth, J. (1857) pp. 44,501 
The standardising of common engineering elements was thus based on the 
assumption that quantitative variations, within a given range of common 
components, could be realistically controlled within fine tolerances. The 
basic workshop structure of these standards was established with the 
development of ring and plug gauges available In standard sets of various 
dimensions. [See Appendix 91. 
A system of ring and plug gauges was refined by Whitworth In 1858 
in order to Introduce a form of standardisation of -sizes across a wide 
range of engineering components[Appendix 9 gives detalls-of these 
gauges]. The concept of standardisation had impressed Whitworth on his 
visit to America (as a member of an official delegation to report an the 
latest developments in arms manufacture; one of the results of which, was 
the remodelling of the Enfield armoury). This took place two years 
before his later, definitive work an gauges. After a visit to the leading 
arms factory, the Springfield armoury, he noted that: I 
I (The) complete musket is made (by -putting together the separate 
parts) in three minutes. All these parts are exactly alike that any 
single part, will, in its place, fit any musket'. (Whitworth, J. 
(1854) p. 273 
This Is a clear, concrete definition of the principle of 
interchangeability. 
The case for a means of fixing an accurate stable measure, or 
standard, over a controlled range of engineering components such as 
shafts, bolts, screws, was thus effectively argued by Vh1tworth, and In 
this his contribution was outstanding. A more or less universal range of 
standards was developed and related directly to replication of components 
in large quantities. This was the principle of mass-production. As-be 
said, 
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'It-, is of great Importance to the manufacturer who makes parts of 
machines in large quantities to have a means of referring to an 
accurate fixed measure ... errors in standards are not only 
reproduced in the copies, but are superadded to the errors in 
workmanship, which will occur In the course of manufacture; and this 
is especially likely to occur in cases where one manufacturer 
supplies parts of machines for the use of another'. (Whitworth, J. 
(1857) p. 521 
The advantages to employers of manufacturing according to a standardised 
system of parts may 
, 
be illustrated in this extract from the submission 
of evidence to the 1854 Small Arms' Select Committee by Anderson, the 
Superintendent of Woolwich Arsenal. The basis of this system as 
fundamental to interchangeability is shown in the reference to the 
employment of unskilled 'assemblers' as opposed to skilled 'fitters', i. e. 
artisans who worked on components by hand to make them fit. 
'Have you any doubts that the parts of a musket can be created by 
machinery so perfect that the assembler will take so short a time 
as 10 minutes In putting them together? ! -- After a little experience 
... there will be very doubt on, that point. Was it not the object with this improved machinery to reduce the 
amount of wages; to employ fewer persons, very few skilled 
labourers, but to employ a number of unskilled persons to manage 
under them the machinery? - Yes, I hope it will come to that'. (My 
emphasis). (Anderson, J. (1854) Qs. 371,7941 
Such evidence shows that the substitution of parts also implied a 
susbtitution of workers. The relation between machine operations and 
hand-work incorporating these principles was further demonstrated by 
Whitworth. He reproduced for the Royal Commission an American working 
schedule showing the production of a complete musket from raw stock, 
completed in thirty-one minutes. This involved a series of 18 separate 
operations, representing a total manufacturing time of 28 minutes and 45 
seconds taken from machine work, and 2 minutes and 17 seconds for hand 
operations. EWhitworth, J. (1854) p. 271. This illustration lends support 
to the view that an interchangeable system of manufacture was regularly 
pursued by gun makers: 
I... Of the typical articles, such as firearms, bicycles, typewriters, 
sewing machines and the like, now produced by interchangeable 
system, guns and pistol are the only one which antedate the system 
itself'. [Roe, J. V. (1916) p. 1281. 
The introduction of advanced systems of interchangeable manufacture was 
a revolutionary development. In the period after the visit to America by 
the government commission, the Small Arms factory at Enfield was 
thoroughly reorganised and production of rifles, requiring 700 separate 
- 57 - 
operations, was 2000 per week: 'The parts of each rifle being completely 
interchangeable'. (Galloway, D. F. (1958) p. 6381 
Anderson noted in 1880 the way now machines embodied higher levels 
of precision and replication: 
'one of the most suggestive characteristics was ... the growth of 
simple machines ... Into a higher stage of development with almost human intelligence permanently embodied in the mechanism for its 
own self-preservation. ' (Anderson, J. (1880). pZ81 
The new machines referred to by Anderson were modified forms of the 
basic lathe, the machine mainly used for producing round bars of metals. 
The main development was the 'turret' lathe which was an automatic, I. e. 
self-acting machine which was developed from the significant work an the 
cross-side by H. Maudslay. 
2.4.0 
Self-Actln; C Mnchlness anel TntpmhanreAble Prndue-tlnn? 
An 111meitrAtimn In thp M21nufactura nf Small Armn! 
, Cnltls Fact= 
The simplified machining practices particularly noted by Nasmyth 
(Nasmyth, J. (1854) Q. 13531 were demonstrated In evidence before a House 
of Commons Select Committee In 1854. In that year the chief engineer of 
the Royal Arsenal at Woolwich, J. Anderson, had inspected the Colt factory 
in London with a view to appraising the level of machine automation In 
firearm production. (Military arms production provides an interesting 
case of engineering processes in which components have to be made in 
very large quantities, with precision,, in replication for easy assembly. 
Highly accurate, semi-automatic machines were necessary for long 
production runs of this kind). Anderson's conclusions suggest that as 
early as the 1850's advances in automatic principles In machine tool 
operations in small arms manufacture had been brought to a level where 
the requirement of skIlled-machinist labour had been very much reduced. 
Skilled workers who remained in work were engaged In setting the cutting 
tools In the machines, 'tool setting'. for machine operations by unskilled 
workers. 
'The work In this manufactory is reduced to an almost perfect 
system; a pistol being composed of a certain number of distinct 
pieces, each piece is produced In proportionate quantity by 
machinery, and as each piece when finished is the result of a number 
of operations (some 20 or 30) ... and each operation being performed 
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by a special machine made an purpose, many of these, machines 
requiring hardly nny skIll, from the attendant beyond knowing how to 
fasten and unfasten the article, the setting and -adjusting of the 
machine being performed by skilled workmen; but when nnef, thr% 
Toanhinp Iq properly set it will prnducp thnu-: ýAndnl. Underson, J. 
(1854) Q. 3413 (my emphasis). 
The significance for relative cost factors of substituting 'unskilled 
workers for skilled artisans may be seen in an illustration in which work 
which formerly took four days by hand, was performed in a fraction of 
the time by machine, using unskilled workers; 
I... every part (of a musket) ... if made by machinery ... would be 
made with thorough accuracy, and very much more quickly ... a 
machine is used for planing cannon between the trunnions; formerly 
this was chiselled by hand and then filed, and there was at least 
four days' work in it; now, by means of the machine ... it is put in 
and taken out again within an hour; the lad that watches this 
machine has to turn the trunnions of another cannon, so that it is 
produced for less than ten minutes of wages'. [Anderson, J. (1854) 
Qs. 343,3471 
Further evidence from Anderson demonstrates the processes of a division 
of labour within automated machine production. As production became 
increasingly automated the range of skills tended to become less 
differentiated. The areas of work reserved for the highly skilled were 
increasingly circumscribed by what Braveman(1974) referred to later in 
his critique of the employers' control of the labour process, as a 
separating out of planning from execution. The tendency in places such 
as Colt's London armoury was toward a mass of undifferentiated labour; 
the key to the explanation of this phenomenon was the Introduction of 
automatic machine processes and new levels of precision measurement. 
An arithmetic expression comes from Anderson; for a production run 
of 150,000 firearms a recommended workforce of 1,000 would be envisaged 
of which 
I ... about 150 would be men of considerably skill, and the remainder 
... of moderate skill, labourers, boys and girls taken on without 
skill, but being trained to a simple operation become highly skilful 
at that particular process ... I (Anderson, J. (1854) Q. 3791 
The structure may be more clearly revealed by analysis of the proposed 
wage differentials; 
I... one man at 5t per week; two men at 3 t, live men at 50s,, twenty 
men at 2.2.0. -, twenty-five men at 36s; twenty-five at 30s; fifty at 
24/6; seventy-two at 18s; one hundred at 15s; one hundred at 12s; 
one hundred and fifty at Jos; one hundred and fifty at 8s; one 
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hundred and fifty at 6s; one hundred and fifty at 4s (the IAt+Pr 
Would hP nf-caurse. boys iand girls) ... amounting to 621 Z 11s or 
annually to 32,339 V. (Anderson, J. (1854) Q. 3801 (My emphasis]. 
Marx (1978) in his first volume of Capital, publishedý at the time 
workshop transformations were increasing, put forward what he considered 
a three-fold division of labour which appears to parallel Anderson's 
model and that of the Colt factoryt As Xarx put itt there were, those who 
were actually employed an the machines; attendants (almost exclusively 
children); and a third, numerically unimportant group, 
'whose occupation it Is to look after the whole of the machinery and 
repair it from time to time: such as engineers, mechanics, joiners 
etc. This is a superior class of workmen, some of them 
scientifically educated, others brought up to a trade ... Marx, K. (1887) (1978) p. 9701 
This division of labour Karx referred to as 'purely technical'. 
Colonel Colt, an American from Connecticut, had opened his arms 
factory In London in January 18531 (S. C. an Small Arms, (1854) Q. 11501 - 
and evidently conceived a division of labour more or less similar to that 
envisaged by Xarx. Embodying an employers' perspective of the concept of 
skill required for machine work, his view illustrates his attitude 
regarding training for general engineering work: 
'The more ignorant a man was the more brains he had, for my purpose 
... they f Irst come as labourers at 2a per day ... In a little time ... If there be a machine vacant, I put them an It ... the best get 8s 
per day ... Do not bring me a man who knows anything if you want me to teach him anything'. (Colt, R. (1854) Q. 11521 
Vere such employers redefining engineering skills through 
, 
the 
reorganization of work? 
Colt's preference for unskilled workers for machine manning suggests 
that the level of technology was sufficiently developed by the 1850's and 
1860's for employers to consider training for machinists to be redundant 
or at least minimal. Fasmyth hold a similar view. He employed former 
agricultural labourers In the machine shops: 
the most trustworthy man I have were originally .. taken from the fields In my neighbourhood'. Masnyth (1854) Q. 14381 
I believe the evidence shows that technological development was 
Inseparable from social development and control In the reorganised 
workshop: Control over technology meant control over the labour process. 
Instead of craft trainingp employers such as Colt and Nasmyth placed 
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emphasis on the workers' ability to familiarise ý quickly the operation of 
repetitive machine operations: - 
'I select those that are the most intelligent, and in -the course of 
one week 
-I 
have them producing three or four times the amount ... of a legal hand ... I [Colt, R. (1854) Q. 14371 
Although the concepts 'intelligent' and 'stupid' employed in the context of 
Colt's evidence appear contradictory, they appear rational In the 
- 
sense 
that both categories satisfied the employers' demands for unskilled 
labour. Work reorganisation made them less dependent an artisan 
machinists, and freed them from union prescriptions on machine manning. 
The A. S. E. was exclusive to skilled workers, and the employers use of non- 
union men enabled both variable costs in the form of wages, and rates 
(and methods) of production to be more effectively controlled by them. 
As Colt expressed it, 
'If labour is not raised in price, I know what a person ran do in a 
day on all the details of operation done upon my arm (firearm), and 
I could tell you as to the very operation of boring that hole ... the 
cost of it per 1,000. There are hundreds of machine operations on 
that arm, and there is not one of them the detailed price of which 
is not upon my books, what it costs per 1,0001. (Colt. R. (1954) 
Q. 126271 
The organisation and control of metal-machining provides a clear 
illustration of the way employers were able to implement new technologies 
and rationalise their resistance to craft training In the traditional 
form of apprenticeship. 
It also seems to me to Illustrate how the speclflC'ý deployment of a 
machine tool by an employer acts to redefine the nature of the worker's 
skill assigned to a particular machine. Of ten there was a shift of 
designation from 'artisan machinist' to 'machine minder'. The assumption 
here was that having 'set' a machine fitted with a self-acting mechanism, 
the machining could take place without further attendance on the part of 
the operator, beyond checking the progress of the cut - the notion of 
'minding'. 
Related to the concept of 'machine minding' is 'Idling time,; a 
notion which had its origin in the machine shops. In brief, it referred to 
the time during a cutting operation an a machine when the tool was 
automatically moving along the work being cut. The machinist was not 
actually 'working' while the cut was under way; this period was referred 
to as 'idling time' by employers, some of whom attempted to capitalize an 
this by giving the worker more than one machine to tend. (I give 
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practical, numerical examples of how this operated In the workshops in 
appendix 6.1). 
Nasmyth provides a striking illustration of this form of 
intensification of labour with the boring machine. This was a machine 
used for cutting accurate holes In heavy-sectioned or irregular shaped 
components. He said: 
'I have a machine for-boring cylinderso a process that requires very 
great accuracy and care and found, after the cylinder was put In the 
machine and set to work by self-action. that here was a man at 32s 
a week standina by for nearly a week-lookItiX at thom ? nAe-h1no%*O ... and I thought the best way to keep him fully employed was to give him 
another machine to fill up his time, and he then said he would not 
do so ... the best thing you can do is walk out (I answered) ... I then took the very labourer who used to assist him in putting the 
cylinder into the machine and saido now you have charge of this 
machine and the other that this man refused to work; and for every 
additional machine that you manage I will give you an additional 
shilling a week. That mAn now rAnAtrps nix YnAnhinen. and he han 
plenty nf t1mP to sparel. (Nasmyth, J. (1854) Q. 14371 (My emphasis) 
The machine operation boring referred to by Nasnyth was used for cutting 
internally 'bores', and night be called internal turning, the cutting 
operation being almost identical. But it was difficult machining 
operation, requiring great care an the part of the machinist. 
I... for the action of the tool cannot be watched as in turning 
being as a rule out of sight, the dimensions are more difficult to 
gauge, while cored or interior surfaces are both harder and more 
irregular than outside surfaces'. ESpon's Dictionary (1874) p. 232211 
Machines of this calibre were capable of boring cylinders 900 diameter, 
11 ft long, (Buchanan & Co (1864) p. 811 indicating the magnitude of the 
machining task in this form of heavy engineering. 
Evidence of employers such as Fasmyth also shows that accurate work 
of large dimensions could be attained with new kinds of automatic 
machines using unskilled operators. The machines were capable of 
producing precise work, independently of the skill of the operators. For 
example, by 1877 it was possible to report that 
In the automatic machines of modern times, tools have assumed a 
far higher relative position because in them, (the) mental faculties, 
the skill and craft are permanently embodied ... and many of them 
are qualified to transmit their virtues or vices without assistance*. 
(Anderson, J. (1877) p. 21271 
The self-acting mechanism in machines was thus highly rated by employers 
such as Nasmyth, Whitworth and others, and, for them, constituted a 'great 
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feature' by which 'brute force is completely set aside'. (Nasmyth, J, 
(1868) Q. 191331 Whitworth, expressed few reservations regarding the 
advantages of self-acting mechanisms# as the following extract from his 
testimony to the Parliamentary Select Committee shows: 
'Are you a manufacturer of machinery? - Yes. 
Is the class of work that your machines produce required to be 
accurate? - Yes, great accuracy is required. 
Do you make what are termed self-acting machines? - Yes 
Is there much advantage in having machines self-acting? 
Very great. 
Is the work performed by them likely to be as accurate as it would 
be if the agency of an attendant were constantly employed? - Yes. 
Vill you explain for what reason? - Int requIring the attendance nf 
a man. thp wnrk Is often of a superfOr Q011ty And More U12111Ar than 
it would be if moved by hand. 
Do you consider the employment of self-acting machines as a general 
principle to be economical? - Undoubtedly'. ES. C. on Small Arms, 
(1854) Qs. 1920-19281 (My emphasis). 
Employment of boys and other less-skilled labour for the superintendence 
of machines, in my view, was directly related to the development of the 
semi-automatic function of the machines: 
'All that the mechanic has to do now ... Is to sharpen his tool, 
place it in the machine In connection with the work, and set an the 
self-acting motion, and then nine-tenths of his time is spent ... not 
in labouring. but in watching the delicate and beautiful functions of 
the machine ... " (Nasmyth, J. (1865) Q. 191331 
One of the leading automatic machines brought into limited service from 
the 1860's was a type of lathe, called the Turret Lathe., Its principle 
features were the special mechanisms, 'chucks' used for gripping the metal 
being cut, and facility for up to eight cutting tools to be brought Into 
operation at speed. (In sub-section 2.5.0. and appendix 10 
1 give a 
detailed description of the turret lathe, including the designation 
adopted by the Institution of Mechanical Engineers). 
2.5.0 
Anderson, Superintendent of the Voolwich Arsenal, praised the new 
turret lathe principles in manufacture as early as 1867. He drew 
attention to the turret lathe in his reports as a juror In the machine 
tool section of the International Exhibition of that year. He also 
criticised the slow uptake by employers of other mass production 
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machines, including the milling machine . (In Appendix 3, ý I provide a 
description of the milling machine and a note on its introduction into 
England). Anderson (1867) said of the milling machine: 
'This class of tool is a great feature of the Enf ield Small-arns 
factory, and it is much more used by engineers in America than it 
is in England". EVol. XXX, pt. II, pp. 373-41 
But I believe the most significant machine tool development sponsored by 
figures such as Anderson and Whitworth was the turret lathe. It was an 
Innovatory machine tool which had a highly significant effect on 
integrated production i. e. methods based on standard isation. 
The turret lathe used the basic principle of the cross-slide as in 
ordinary lathes. In addition to clamping one or two cutting tools to the 
slide rest, this machine had a heragom-shaped block fitted to a second 
'saddle' mounted an the base. On each of the six sides of the hexagonal 
block one or more cutting tools could be fitted. The saddle and 
hexagon block, called a 'turret', could be moved back and forth, by a large 
hand wheel. As the hand wheel was turned clockwise the turret would 
automatically swivel - one-sixth of a turn round to the next ý aide*. It was 
possible therefore to bring at least six different 'cuttin& tools into 
action simply by turning the hand wheel one part of a turn. Two further 
cutting tools could be mounted on the cross-slide Itself. 
The advantage for employers of this machine was that the six 
'turret' tools could be 'set' in the correct cutting position before the 
start of the cutting. Normally no further adjustments were necessary 
after the setting, The skilled workers who remained after workshop 
reorganisation were usually employed as 'tool-setters'; the actual machine 
operation was left to unskilled machine operators. The skill was in 
setting the six tools accurately In relation to work being cut. 
The deployment of this particular machine became central to the 
employers' attempts to rearganise metal machining using unskilled labour. 
The introduction of this kind of automatic machine had three important 
influences: 
a)it led to the decline in the number of skilled artisans employed 
in machining; 
b) the turret lathe was ideally suited to replication of large 
numbers of components and fitted the employers' strategy of 
promoting labourers to machine manning Irl conjunction with a new 
kind of wage-payment system, the piece-work system; 
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Oit supported the employers' justification in virtually abandoning 
craft apprenticeships. 
According to one source automatic machine tools ensured conformity to 
rigid, pre-determined production schedules, irrespective of the technical 
or social background of the workers: 
'In the workshops there was an extraordinary admixture of different 
nationalities, and this was an advantage to the employers as it 
enabled them to control their men much better than they could 
otherwise do. The system of work was almost universally piece work 
... in some cases the engines were running from Monday morning until 
Saturday night without stopping, and It was not uncommon to see men 
working all through their meal times, and eating their food as best 
they could'. [Report of a visit to American Workshops by the Iron 
and Steel Institute (England), in The Engineer. 12th December 18901 
By the 1890's some of the influences of a mass market system 
particularly in the demand for products such as cycles was evidently 
having effects in supply and on the use of high-production machines 
based an the turret principles. The dominating Influence remained 
American In this sphere, for by the last decade of the century new 
machines Imported from the United States demonstrated the operational 
effectiveness of manufacture using fully automatic 'principles. Crucial 
developments were made through the use of wire-feeding (automatic feeding 
of the material to be cut to the cutting position), and the automatic 
revolving turrret (dispensing with the hand wheel). (Horner, (1900) p. 1211 
Production rates were increased through the employment of more than 
one cutting tool simultaneously: 
I... It becomes possible to use ... two turrets to be brought round in 
succession for the forrmation of a single piece of work ... some of 
these tools are operating an 2,3 or 4 different faces and diameters 
at once ... the chief feature (in the production of 
6,000 screws per 
day - BC) was the fact that four screws were being operated an at 
one time in revolving vertical turret'. Ubid. ] 
A critical feature f or employers was the ease with which the new turret 
lathes could be operated by unskilled machinists: 
I ... a large amount of work now dnne--bg QkIII#Id "Cn IS tm hm shortly 
dnnA on the turret tjnýjrlllnd Attgnel. Int'j. 
who will eventually beat the trained turners to Output, accuracy, and 
uniformity ... tho irreat advAnt-Ire 
in the madprn turrot rmnhinn liw, 
In tho, Pnnnih1lIty nf u"lirr - 
operators. wha, in a few weeks can turn 
out mccurata uniform wnrlr in cnimpetition with Imtha hAnds who havp 
raerved-severml ynars' apprnntleenhip- -. 2 (Orcutt, H. F. (1902) p. 281 
[My emphasis]. 
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Before the end of the 19th century the advantages of automatic production 
and its generalisation to other forms of machine tool practice were 
recognised. The Yorthampton Institute in Clerkenwell was opened and 
classes were started for the training of "engineers" in the use of 
automatic machine tools for making inter-changeable parts. (American 
Machinist, Rov. 9,1899, p. 10711 A contemporary English Journal, The 
Engineer'. argued the case for automatic machines as a benefit to 
management., 
'... 1he English manufacturer Is at length beginning to recognise 
that the restriction in the way of their use being now removed, 
automatic machine tools are of great importance ... the automatic 
tool has arrived at such a state of perfection that no longer need 
any hesitation to be felt in adapting it'. (The Engineer, 2nd Dec, 
18981 
This journal also advocated the adoption of another technique for 
use with automatic tools, 'stock piling'. This was a system of production 
in very large quantities of a relatively small range of standardised 
parts, manufactured at speed which were put Into store. Potential 
customers were notified that high turnover of products night be-possible 
if they restricted their demands to high-productivity components over 
this given limited range: 
'Much of the (American) success is due to the fact that they do not 
wait for their customers to tell them what Is wanted. but show bow 
much more can be done than was deemed possible ... they lead and do 
not follow manufacture'. EIbid. ] 
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2.6.0 
EmpIny ers' Attempts to Chantra Dgflnltimnýq 
Yor 
nf Eng-Inarincr SkIll! 
kers' ReAntinn tfn law Desionatinns. 
The evidence of employers such as Whitworth, Nasmyth and Robinson 
points to the substitution of skilled labour as a managerial priority. The 
employers' attempts to overcome skilled workers' resistance to the 
deployment and implementation of new technologies therefore needs to be 
seen as a part of the search by employers for more ef f icient means of 
work and labour control. Further evidence from the first official enquiry 
into trade unions in the nineteenth century clearly shows that some 
engineering employers insisted upon non-union labour wherever possible, 
invoking retaliatory action by the unions: 
'After the strike of 1851-2 we required every man who came Into the 
works to sign a declaration that he did not and would not belong to 
a union ... I (Robinson, J. (1868) Q-90051 
On this kind of interact ion, Penn (1983) remarks, 
I ... the history of the (last) 
100 years revolves around the 
successive attempts of the employers and management to develop 
machinery and subdivide tasks in order to eradicate the need for 
skilled craf tsmen ... I (p. 46). 
A precedent had also been established by other 'employers with the 
publication of a 'black list, of Society (A. S. E. ) members after they had 
struck in 1855. (Allen, V. (1867) Q. 8761. In justification it was argued 
on behalf of the employers at the Royal Commission that there were few 
formal associations of employers, and those which had been formed were 
instituted 
'for the ordinary regulation of their respective trades, for the 
purposes of obtaining labour upon the most favourable terms, and for 
self-defence against the proceedings of the trades unions'. ER. C. on 
T. U. (1868-69) p. XVI para. 431 
But this emphasis on a defensive position by employers tends'to obscure 
more aggressive policies. As Melvor(1984) argues with reference to the 
period from the 1880s, 
'... there were hundreds of lockouts(from the 1880s)... and the lockout 
was the most feared and most devastating of employers' 
strikebreaking tactics ... 1(p. 31) 
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On the question of whether the employers' federating tendencies were 
merely contingent upon union activity, a minority report by three members 
of the Royal Commission, Lichfield. Hughes, Harison, acknowledged that the 
employers' views, as represented by testimony to the Commission were"... 
entirely similar to the rules of the unions". ER. C. an T. U. (1869) (b) 
P. X] , 
In the event, A. S. E. rules of the time did not categorically- preclude 
unskilled men being employed an machines, although there was- a tacit 
understanding that society men would generally be employed In that 
capacity. (R. C. on T. U. (1867) Q. 6411. Although machine-ninders were 
recognised as 'society men' in some provincial towns, (Ibid. Q. 6431 they 
were differentiated on grounds of skill and length of service, I. e., they 
were not regarded by A. S. E. members as being 'legal hands'. The union was 
evidently conscious of the legality attaching to the exercise of 
restraints over the Introduction of what it regarded as unskilled labour. 
The union constitution reiterated the need for a protective association 
concerned with the maintenance of the boundaries between Iskill' and 'non- 
skill', but operating within discrete and legal parameters: 
'Our object Is not to do anything either indiscrete or Illegal; but 
if constrained to make restrictions against the admission Into our 
trade of those who have not earned a right by a probationary 
servitude, we do so knowing that such encroachments are productive 
of evil, and, when persevered in unchecked, result in reducing the 
condition of the artisan to that of the unskilled labourer. and 
confer no permanent advantage on those admitted. It is our duty, 
then to exercise the same care and watchfulness over that in which 
we have a vested interest as the physician does who hold a diploma, 
or the author who is protected by a copyright'. (Rules of the 
Amalgamated Society of Engineers, Machinists, Millwrights, Smiths 
and Pattern Makers (Revised Kay 16tho 1854) as submitted to R. C. an 
T. U., (1869) (a) p. 2461 
However, the criterion of skill used by Society members would seem to be 
less rigid than the term connoted, for It referred to 
I ... a man who has been five years In the 
trade, whether apprenticed 
or not, is capable of earning his livelihood at It and has become a 
competent workman'. (R. C. an T. U. (1867) Q. 6311 
I believe the evidence rhows that there was a link between the 
introduction of new technologies such as the slide rest and Innovatory 
techniques in metrology, and the employers' power to reorgnise work 
patterns and control strategies, often against the wishes of the workers. 
Through standardisation and inter-changeability of parts, the interaction 
between skilled worker and the object of his labour changed. No longer 
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requiring a process of traditional craft training, the skilled workers' 
Job which was formerly characterised by precision, speed and manipulative 
skills, was gradually rearganised. 
The actual construction of machinery was modified. This was done by 
the process of fitting. By producing components of improved accuracy and 
finish, the need for subsequent work by 'fitters' was lessened, but not 
entirely eliminated as Vhitworth's evidence below shows. I turn brief ly 
in the next section to the craft of f itting because, it was and remains a 
highly regarded practical hand-skill in engineering practice. It was 
difficult to completely mechanize the process of building machines, i. e. 
the actual process of fitting components together. 
2.7.0 
The TrpmrtmncL% to Emplpyern nf *Assambly" ms DIntIne--t 
frnin "FItting: 
Vith more generalized use of standardization employers sought to 
reduce their dependence upon Individual fitting skills, which were used to 
rectify minor errors and facilitate constructions by 'assembly' of 
accurately dimensioned and finished machined components, using less- 
skilled or unskilled 'assemblers'. Nasmyth, breaking with tradition, even 
argued that standardization of parts made the employment of girls an 
assembly In fitting shops a viable proposition. He thus hold that the 
bulk of the work in the engineering trade could be carried on by boys, 
and that 
I... the day will come in which steam engines will be made by girls. 
There Is as much mechanical skill required In superintending a 
power loom or a spinning jenny with its thousands spindles as a 
steam engines'. [Nasmyth, J. (1868) Qs. 19190,191941 
Whitworth also envisaged a wider application of the use of making 
standard components 'fool-proof' as regards size and finish which enabled 
assembly to be accomplished with little or no skill. The evidence 
concerning metrology has shown that It was the more or less 'foolproof' 
nature of control of production precision that was the essence of both 
standardisation (manufacture to pre-determined standard sizes); and 
Interchangeabiity (the ability to Interchange components - made to pre- 
set standards of accuracy and finish). 
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Whitworth argued 
'Fifty years ago thousands of spindles 'in a cotton factory had each 
to be separately f itted into a bolster in which it had to work. At 
the present time all th, ---n spiridlen are nAeip tn causca. and_A= 
IntprchAn2pable ... It cannot be impressed too forcibly... that 
accuracy of TnPA urpmpnt in ennantial fnr rnnA and Pfficient 
wnrlryrnnnhip. mnd +bAt It tanda to ccano=X in all branches of 
manufacture, so as to have the parts Interchangeable. (Whitworth, J. 
(1878) p. 68](My emphasis]. 
An examination of the process of 'fitting' amplifies the thrust of 
Vhitworth's argument here. 
The Prncen-seq nf 'Fittinal Prplained 
Pitting may bý regarded as a primary engineering craft skill. 
Fitters were skilled engineering workers employed in the construction of 
machine tools, and the fitting and maintenance of general purpose and 
specialised machinery. Fitting was, and remains, a highly regarded 
occupation in the engineering industry embodying not'a single, but a 
number of generally recognised mechanical skills. 
Fitting skills may be briefly outlined an 'marking out' (the 
translation of dimensions of engineering components from technical 
drawings). These are usually laid out in what is termed first-angle or 
'English' projection, I. e. drawings. to scale, representing a component 
viewed in three directions to encompass the complete article). This 
process required geometric precision, the ability to 'read' technical 
drawing Vblueprints'), and facility for working to close tolerances 
(within specified, close limits of dimension). 
The preparation and execution of a variety of smaller machining 
processes was a fitter's main task and this entailed the use of general 
machine shop tools, drilling, shaping, millIngs turning, and grinding; 
together with the fabrication (putting together) - IfittiDg, - of 
components previously prepared. The preliminary work was carried out by 
the fitters or executed on machines. 
The complex and varied nature of the Job requirements generated a 
high regard within the A. S. E. and also with engineering employers; fitters 
thus constituted a pre-eminent group among society members. They were 
the most highly represented group In the A. S. E., and remained so despite 
the increase in the use of machines. A. S. E. admissions Indicate that 
fitters outnumbered turners (lathe workers, the other principal artisan 
- 70 - 
group) in the period up to 1889. Up to 18159 there were 54 per cent 
fitters and 24 per cent turners, in the period 1875-79,57 per cent and 
25 per cent respectively, and in 1885-89,58 per cent and 27 per cent 
respectively. [A. S. E. Annual Reports] 
This class of worker was rated by the Society, and employers, as 
essential to engineering production. The requisite fitting skills were of 
such an eclectic quality, embodying both fabrication and machining 
abilities, that it is realistic to argue that they would not have been 
easily replaced by less-skilled workers. The important assumption here 
is that it was very difficult to manufacture components In the forge or 
machine shop preparatory to fitting, to a level of precision and finish 
that would rule out further work by fitters. Whitworth, for example, 
concluded that, despite advances in machine tool processes, the skilled 
fitters' work remained crucial. The following extract illustrates this 
point. This comes from his evidence to the 1854 Royal Commission an 
Small Arms: 
'Would the application of these inventions (gauges Invented by 
Whitworth for checking components) render the parts of a musket 
more nearly alike In diameter than at present they are? - Yes, It 
enables a person to make them of the exact size, whereas he has not 
exact means of ascertaining whether they are so or not. 
Then it is your opinion that it is possible to produce the several 
parts of a military gun with sufficient accuracy by machinery, so 
that they shall fit together, and require comparatively little 
finishing by hand labour? - it is hardly possible to do that., they 
do require hand labour. 
What amount? - That would depend upon the care that was taken In 
attending to the machines. and in their quality. 
You think that it is not possible to make them with sufficient 
accuracy, but that some hand labour would be required? - Quite 
Impossible'. (S. C. on Small Arms, (1854) Q. 1943-19461 
Despite this kind of qualification by Whitworth, the effect of new 
technologies on precision assembly was marked by the 1870s and 18809. 
The combination of the production of precision machines tool work 
based on more or less nationally-agreed standards, and assembly-of 
components using unskilled labour, was therefore well established by 
1878. It was reported at that time that 
'Where the machine tool system of construction has been Introduced 
in its entirety ... the several parts of 
(the) structural skeleton are 
so planed or otherwise shaped by accurate machine tools that, when 
the several parts are brought face to face for the first time, they 
fit each other exactly without adjustment ... I (Anderson, J. (1880) 
Vol. II p. 2961 
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By the beginning of the 1900s it appears that interchangeable manufacture 
in the machine tool section had achieved almost universal acceptance 
among production engineers. Evidence from America confirms its Incidence 
there: 
'Thus the advantage to be gained ... by the use of up-to-date 
machines and special tools and fixtures are obvious, as the cost of 
the machines and the amount expended in the designing and 
constructing of special tools will be quickly balanced an the profit 
side when the increased output and the efficiency of the parts 
produced though their use are compared with the results under the 
old methods. Another advantage ... is the almost total elimination 
of the obtainable results depending upon the degree of skill and 
intelligence possessed by the workman, thus allowing of employing 
less expensive help in the manufacture of the required parts'. 
[Vordworth, J. V. (1905) p. 5131 
Another source has argued that by the end of the 19th century the 
development of assembly as distinct from fitting in the engineering 
workshop characterised more definitively the contrasts between the old 
and the new technology; 
'In the new (technology), accuracy and interchangeability of 
dimensions are maintained by a suitable equipment of gauges and the 
establishment of limits; in the old, there is a variety of sizes 
depending upon the skill and judgement of Individuals ... In the new 
method, machining is done accurately to dimensions; in the old, 
machine and tools are mainly used ... I(Orcutt(1902). 
Organized artisan resistance to work reorganization was gradually 
weakened by gradual dilution of craft skills, Including fitting which had 
hitherto been difficult to rationalize to employers' satisfaction because 
of the varied nature of fitting skills. The process of craft decomposition 
was accelerated through the progressive application of automatic machine 
tool developments. The piece-work system of wage payment may be seen aa 
significant Innovation introduced as part of an increase In the hegemony 
of the employers and to encourage the workers' acceptance of the 
implementation of the new tools and In order to widen the deployment of 
labourers an automatic machines against the skilled workersO resistance. 
In the next chapter I turn to an analysis of the piece-work system, and 
examine some of the Implications for the employment of children. 
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2.8.0 Stinyviry-and Discussion 
American, and Increasingly English# l9th century engineering 
practice was reorganized through a combination of - relatively highly 
developed automatic machine tools; and accurate controls over measurement 
through the metrological and machine tool innovations of entrepreneurs 
such as Vhitworth, (and F. W. Taylor in America). In terms of control of the 
labour process the new technologies entailed different management 
strategies. Direct workshop supervision of unskilled labour was carried 
out by a small number of highly trained skilled workers. Overall, the 
nature of workshop management also moved from the machine shop and 
fitting shop to a separate location within the factory called the 
Itoolroaml. This ensured centralisation of control. An English engineer 
noted: 
I ... (the) practice is to construct nachines so automatic 
in their 
nature that it has become possible to employ practically unskilled 
labour to a large extent, engaging at the same time highly skilled 
and thoroughly educated foremen and managers to superintend the 
setting and keeping in order of the automatic machines which can 
then be lef t in the hands of unskilled men, who can only command a 
low wage ... I (Amos, E. C. p. 274). 
The base for this kind of control became Increasingly centred on the 
Itoolroom'. This method of work control and supervision of labour was the 
benchmark of the system developed by F. W. Taylor In America. Taylor had 
this to say about management problems of labour controli 
'The f irst duty which lay before ... engineers was that of 
counteracting the blighting fallacy which rested upon every one of 
their workmen, and which was paralyzing their energies, that it was 
to the best interests of the workmen to go slow instead of going 
fast, to do as litle as possible for the money they were getting 
instead of as much as possible... ' (Contribution to a Xeeting of the 
I. Mech. E. in July 1910, in Proo. I. Mech-E. Val 79,1910. p. 1002). 
Additional refinements such as multiplication Of cutting tools with 
automatic feeding of the work made it possible for these machines to 
outstrip all competition in quantity and quality despite the fall in the 
number of skilled workers employed In the workshops -EHornerJ. G. op. cit. 
Benjamin(1906), Woodbury (1967), p. 8281 
The development and use of automatic machines, and the 
implementation of new levels of precision manufacture was characterised 
by a number of distinct features which can be related to employers' 
attitudes to the craft apprenticeship and training. 
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Increased production rates were clearly possible using unskilled 
labour, fostering a growing reluctance by employers to continue the 
apprenticeship scheme in its historic form. This tendency was, further 
encouraged by the availability of undifferentiated labour, particularly 
children and young adults, combined with a new system of wage payment, 
the piece-work system 
I believe the evidence also shows that. by -and large, employers' 
control in the l9th century was never entirely complete, despite the 
highly significant contributions of pioneers like Maudslay, VhItworth, and 
Nasmyth. Control was limited by three factors: a) the mechanical and 
metallurgical limitations of machine cuting tools, a problem not 
adequately resolved for management in England until about 1903 with 
F. W. Taylor's major innovation of High Speed Steel. b) The organized 
resistance of unionised labour against indiscriminate labour substitution 
on machines. c) The limited craft capablities and endurance of unskilled 
and child labour. The next chapter examines a key strategy used by 
employers to counter artisan resistance and encourage intensified 
employment of children In a capacity other than apprentices., the piece- 
work system. 
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A simple example will illustrate the kind of problem facing a centre 
lathe turner(i. e. not a turret lathe operator who had automatic features 
which eliminated calculations). The turner had to calculate which gears 
(of a given number of teeth) would be required to connect 'in train, to 
cut a given pitch of thread. Assuming the lathe had a lead-screw of 6 
T. P. I. (threads per inch) to calculate the gears required to cut a thread 
of 3/32 in. pitch: - 
Pitch to be cut lumber of'teeth In driver 3/32 
------------------- ------------------------- 
Pitch of leadscrew Number of teeth in driver 1/6 
(6 T. P. I. means 1/6 pitch) 
3/32 3x0 is 9 multiplying top and 
---- = ------ -- U -- bottom by 5 
1/6 32xl 32 16 
45 
-- = 45-tooth gear driving directly an 80-toth wheel. 
80 
A range of gears, known as Islip' wheels or 'change' gears available for 
each particular lathe as standard. 
Fig. 1 
Example of a Calculation Carried Out by a Machinist in Setting Up a 
Machine for Cutting a Screw Thread. I 
Joseph Vhitworth E1803-1887, Baroneto Mechanical Engineero worked 
under Maudslay, Haltzappiel. Clement; President of Institution of 
Mechanical Engineers 1858: elected to Royal Society in 1857. 
(Rational Biographical Dictionary ... )] a leading figure in work in 
these areas for a large part of the nineteenth century. 
Nntp 3 
lasmyth an influential engineering entrepreneur and employer of 
skilled labour at Patricroft near Manchester; be invented the steam 
hammer and made several modifications to many standard machine 
tools. 
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3.0.0 
I have argued that one of the main advantages for employers of an 
expansion of automatic tools was manufacture according to principles of 
interchangeability. Large numbers of components could be made at one 
time, each within specified limits of tolerance and interchangeable as 
required. I cited the Small Arms industry as typifying this method of 
engineering production. 
There were two important management assumptions concerning these 
methods of production in the 19th century. The first was that the method 
and rate at which specific detail components could be manufactured came 
under stricter employer control than had been previously possible, before 
standardisation of parts. Second, the sequence In which various machining 
and assembly operations were carried out was more systematically 
developed with less dependence upon skilled labour. 
The increase in production rates based an the extension of automatic 
principles supports these assumptions. In the last quarter of the 
nineteenth century the demand for mass-production consumer goods such as 
bicycles and sewing machines stimulated research in techniques for 
accelerating production rates. (For example, by 1913 Britain exported 
150,000 cycles, Germany 89,000; and the rest of the world none. The 
Singer Sewing Machine Company was producing 8,000 machines a week by 
1885, reaching 13,000 per week at the turn of the century, with a V. K. 
workforce of 7,000., (Saul, pp. 125.1601 
In this chapter, in order to point up Its main Characteristics, I 
make a detailed analysis of the piece-work system, which usually 
accompanied mass production with automatic machines. I take as a case 
study Its operation under a leading engineering manufacturer of the 
period, Rowan and Co., employing a variation of the piece-work system, the 
Premium bonus system. This will be followed by an examination of the use 
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of the Contract Note as a means of controlling the limits of discretion 
exercised by machine workers. 
An analysis of the attitude of employers and the response of the 
unions, and an examination the 'Piece-Xasterl or 'Buttyl -system , is the 
subject of the next sub-section, followed by an analysis of the Incidence 
of child labour in the engineering workshops. 
My hypothesis is that the combination of automatic machines and a 
piece-work system of wage payment was a product of the employers' 
overall strategy In extending their control over the labour process. 
Because of its attraction for employers in the employment of children as 
cheap labour, piece-work particularly Influenced employers' attitudes to 
technical training and education, which was given low priority, at best 
being 'tolerated' as a part-time system only. 
3.1.0 
The evidence I have examined suggests that the remodelling and 
reorganisation of significant centres of production engineering such as 
the Armstrong Whitworth Works, the Rowan Company, and the Enfield 
Armoury may have been instrumental In the adoption by English workshops 
of new high-production methods (Jeff erys (1945). These methods, employing 
semi and automatic machine tools, had their English origins In the mid 
18501s. The developments in machine technologies and new methods of 
measurement control also made It easier for employers to extend the 
system of payment 'by the piece. That Is, wages paid according to the 
number of components produced to a predetermined schedule. It served to 
Justify increased child employment, In capacities other than as 
apprentices. A number of questions arise from these developments: 
What was the rationale behind the employers early and persistent 
attempts to establish the piece-work system? 
What was the effect on power relations in the workshops? 
Were there any new mechanisms of social control associated with 
piece-work? 
Does the evidence support the hypothesis that the plece-work system 
accelerated the decomposition of traditional trade practices? 
In what ways did the system interpenetrate with the organization 
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and control of the labour process; and what particular effect did it 
exercise over young workers? 
The American Influence in the new wage system was marked and was 
clearly evident in a House of Commons report as early as 1853: 
"In the government and private enterprises of the United States, 
piecework when applicable is universally preferred to day-work, as 
this arrrangement yields the greater amount of work at the least 
possible cost to the employer ... 0 
This report strongly recommended acceptance of a piece work system in 
arms production. It gave three reasons for this recommendation., 
a) Payment by the piece stimulated the economic interests of the 
workers, and encouraged the development of labour-saving devices 
that may occur to then as likely to Increase the production of 
the machines they attend". [Ibid. P. 1 
b) Fewer supervisors were necessary as *time-wasting' or inefficient work 
on the part of workers entailed loss of wages and 'no loss upon his 
employers'. c) Men paid by the piece could be held financially 
responsible for any work they may spoil through carelessness; 
particularly important with the manufacture of replicated parts, 
any workman who may be employed In some trifling operation an 
an article that is almost finished, by carelessness in looking after 
his machine may spoil and render useless a large number of parts on 
which a great deal of careful labour has been already bestowed*. 
EIbid. P. 3 
The recommendation by the 1853 Mission to America and its support for 
the adoption and extension of a kind of premium system of payment of 
wages seems to have been clearly related to the introduction of automatic 
tools. It is my view that the combination of automatic machines and a 
piece-work system of wage payment was crucial to the employers' overall 
strategy of extending their control of the labour process. 
As the 1853 evidence suggested, variants of schemes for paying by 
the piece reputedly encouraged the economic interests of the workers and 
protected employer interests through a relatively simple expedient of 
sanctions and penalties attaching to the worker for components 
incorrectly manufactured or exceeding production times. 
Payment for work by the piece was generally by 'time' or by 'money'. 
In the former, work was allocated an a 'floor-to-floorl time, In hours or 
days; the latter implied a set sun of money accredited for the Job. EMy 
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appendix 15 and tables 1,2,3 below provide data illustrating this system 
of production]. In both 'time' and 'money' systems the incentive for the 
worker was to cut machining and assembly times in order to increase 
bonus rates. 
There was a self-correcting principle embodied in these schemes 
which ensured that faulty components manufactured In any part of a 
production sequence would be passed back by a 'receiving' worker to the 
preceding stage for correction. This procedure incurred a loss of , 
bonus 
for the worker responsible and appears to have been a constant factor 
in piece-work systems throughout the latter half of the century. 
Engineerin&-emplayer Robinson, for example. In his evidence to the 1868 
Royal Commission on Trade Unions, argued thus: 
Q. "You are satisfied with the quality of work which is produced 
under the piece work system? " 
"Yes, and there is a check in this way. A smith, for Instance, does 
his work by piece work, a turner or f Itter comes after him, and if 
the piece of work is bad, it is sent back to the smith to be 
replaced without cost. The man in the after process Is always ready 
enough to f Ind fault with the man in the previous process if he has 
not done his work well*. [R. C. an T. U. Report X, op. cit. Minutes of 
Evidence. Q. 190901 
3.2.0. 
IllustratInn of the Ptpýu%-Vnrk Syntgn In Operatlons 
The Trpmlum'Systaml 
Evidence from a prominent engineering employer and leading 
proponent of the system, R. J. Rowan (1901), shows that following Its 
Introduction into his works In 1896, his control over the labour process 
was not only simplified but the overall effect was 'revolutionary' in 
terms of work reorganization: 
"It has resulted In a largely increased output from the machines for 
the same labour cost ... To prevent any chance of scamping or bad 
work, a strict rule is enforced that if any part of work, however 
small, done under contract, Is not right, the man loses hie whole 
premium under the contract". Rowan (1901)p. 8981 
The advantages to the employer were cumulative, particularly 
regarding increased productivity of labour. In the period 1898 to 1903, 
the times taken by machinists on standard machining jobs bad, on average. 
been reduced in the succeeding years by 20,23,31 and 37 per cent 
respectively. (Rowan (1903). p. 2181- The method was generallsed to 
fitting and assembly with equally satisfactory results: 
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"Up to this point the system has been treated as applied to the 
machine shop, but it is equally applicable to the erecting and other 
departments ... if erectors are to actually lose money by the 
carelessness of a machine man. as they would an premium, they rebel, 
with the result that great care Is taken by the men and foreman 
that work when it leaves the machine is correct". E Ibid. pp 219, 
2201 
The reorganisation of labour using Rowan's 'premium system' produced, 
a complete revolution in (the) shop". [Rowan (1901), p. 8841. For example, 
on its introduction it was found that it began to show up discrepancies 
in the performance of certain machine tools; investigation led to the 
replacement of under-powered machines with heavier, more powerful tools, 
... all along the line". Mid, p. 8871 
Rowan's production schedules show how these new working principles 
affected the rate at which work was produced. I show an the next page 
an example of three common types of machine work: Turning (lathe work); 
slatting (for making square or rectangular slots In metal); hole 
production (drilling and baring). I focus an these operations as being 
the most common workshop machine processes. 
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A typlcml wnrkcAbnp timp nchedula. uninr 11 prPyninin nyqtgZ_af 
Payment. - 
Same Machines throughout 
Description of, Time taken under Time taken Record 
Work old Time System on Introduction Tine taken 
Hours of Premium Bonus Hours 
1. Turning 
connecting 
rod. 1 off 43% 30 29 
2. Slotting 
conn. rods 
3 off 31 241A 20 
3. Crank Webs 
(finishing 
holes) 1 off 7 2/3 5 'A 316 
TABLE I 
(Rowan (1901). Extracted to Illustrate tbree different macbining 
processes, turning, slotting, bole productiono from Table 1, p. 8861 
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In the application of this particular form of piecework the 
practical considerations were such that in no case were the operations 
carried under a premium contract of longer duration than 50 hours. 
ERowan (1901) p. 8971 The system paid a prenium of 50 per cent on the 
time saved. This principle is shown In a further example: L 
Part Operation Time In Hours Rate of Wages Workman's 
Allowed-Taken-Saved per hr. earnings 
10-inch) 24 brs. at 
cast ) Baring 8d. + 18/2 
Iron ), out 40 24 16 8d at 8d. = 
pump 21s. 4 
An Fxmmpl, % nf FmrnInp Under the Prpmluz Systra 
However there was a tendency for advantages to accrue to employers 
at a faster rate than wage Increases earned by the piece worker. It will 
be noted that under the premium system there was a 40 per cent saving In 
machining time, and 33.3 per cent Increase in workman's earnings. A 
second example illustrates this regressive tendency: 
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Taking 'the first machining operation from Table 1 above, turning 
connecting rod; assuming time allowed was 43% hours, and machining 
completed In record time of 2914 hours, at rate of 8d per hour, the 
rates become: 
Time saved (hr) 14 1/4 32% 
----------------- --- W saving of 
Time allowed (hr) 431A production time 
Premium Vages x 11 x8 57 ý 24 1/3% 
---------------- ---------- -- a Increase In 
Normal Vages 29 1/4 x8 234 wages 
The second operation, slatting connecting rods, produces the 
following figures: 
2.1) Time saved 11 hrs 35% 
------------ ------ 
time allowed 31 saving an machine tine 
Premium wages 4x 11 x8 44 17% 
------------- ----------- --- O-Increase In 
normal wages 248 246 wages 
rQ, MpFlrlr, nns Of vages F. -Irmt-A mnd Prmdtlc! tlnn under thfi-k Premillyn 
system 
Tmbla 3 
rmlirce. - Rnwim Ibld. 
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The claims by management for the system may be summarized thus: 
a)Largely increased output from the machines I... for the same labour 
cost'. 
b)Increase in workmen's average wages, of from 10 to 40 per cent. 
c)The practically compulsory maintenance of their machines In 
the highest state of efficiency'. 
d)Greatly increased interest of the men In their work, machines, and 
equipment, and, a I... fair amount of co-operation In all the 
schemes for improving the factory'. 
e) It has given the foreman a field for the choice of men they never 
had previously, resulting In the employment of only the best 
class of steady workmen'. 
Mt 'has caused a change in the foremen's function from task- 
masters to providers 'of work and inspectors of that work. (Ibid. 
P. 8993 
3.3.0. Piece-York- The Use of the ContraCt IdQ AS A Pgrin ý nf Lahmir 
On completion of a contract i. e., a specific Job to be wholly or 
partially completed, a note (a standardised 'contract note' detailing 
operations to be carried out, with appropriate tines. issued from a 
'premium office') was checked-punched by the inspector. Either the 
Inspector or the foreman of the department, thus certified that the job 
was done correctly and the full operation denoted an the card had been 
carried out. Mid. p. 8981 
Time allowed for any job was, fixed by management; clearly 
curtailing one of the principal job characteristics, of skilled- labour. 
This time allowance was not restricted to actual machining of the work 
but also included all the time necessary to procure tools, set up machine 
and obtain material for doing the job. This was a critical condition. for 
setting-up or locating the work in a machine was an essential pre- 
condition for accurate machining. It was also time-consuming If the 
workpiece was irregular or heavy. Rowan (1903) p. 2111. Another employer 
(EVigram (1893)], estimated that In his works 
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I... probably one-quarter to af if th of the time of a machine is 
occupied in setting the work up an it". (R. C. on Labour, 3rd Report, 
1893, minutes of Evidence Q. 25787. (Wigram, of John Fowler, 
Engineers, Leeds)] 
The imposition of a close time schedule directly Influenced premium 
earnings in cases where the work to be machined was In any way 
irregular. This particular factor became more regulatory and exploitative 
when considering the condition that 
the time taken on a job will include all working hours between 
the starting time of the job, and the starting time of the next job". 
ERawan (1903) p. 2121 
The rate at which the work was set-up, and the accuracy and speed with 
which it was machined therefore interrelated with and determined bonus 
payments. Under the principles of the system adopted by Rowan, articles 
that turned out defective while being machined and condemned due to a 
flaw In the material resulted in loss of premium. (Ibid. 
If completed components did not pass inspection, premium would be 
paid only if the work was made good within the time allowed. 
Considering the 'total-time' schedules referred to above, this imposed a 
significant restraints for time used in correction would have had an 
effect on the time allowance for the next Job. 
A type of gang system also operated in this works and a time 
allowance was fixed for the complete Job. If the total time taken by the 
squad was less than the time allowed, a premium was paid to each man in 
the squad. This premium had the same relation to the time wages 
(ordinary rate) for the job, as the time raved by the squad had to be 
time allowed. ERowan (1903) p. 2131 
The operation of the system clearly shows a significant increase in 
the employers' control over the implementation of new technologies and 
highlights the articulation between technology and work. 
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3.3. i. The Prmntire of *Rate Plrlnz*- A Vmrlatlnn mn Jmb Contral 
A critical component of the system was 'Rate Fixing', the 
establishment of job time comparisons by management who used existing 
production data. When sufficient data had been gathered for a particular 
manufacturing process, a card bearing "lines" was prepared and given to 
each man working a machine, (Rowan (1903) p-2151. These were drawn up 
by the Rate-fixing Department, Issued to the foreman, who gave them to 
the men. They were card devices for keeping checks an work progress; the 
card being designed to show as a quick reference, the daily progess of 
each man, workplece, hours allowed and taken. The relevant data arranged 
in columns indicated machine number, time allowed for each. number of 
articles an "line" or in the batch. the times the workman had been 
working on the job to 10.30 a. m. on the date an the card, and f Inally the 
record time, I. e. the shortest time In which each job had been done 
previously. (Ibid. p2141 
On completion of the job the worker handed his "lines" to the 
foreman who noted the time the work was completed and indicated If he 
was satisfied with the quality of the work. This was then handed to the 
Rate-fixing department and cost of the work and wages, including premium 
if earned, were calculated. 
Using this system, oversight of individual workers by management in 
effect, became easier and, for management, more efficient. The use of 
gauges and similar Instruments, developed by Whitworth were significant 
in controlling finished sizes. A new principle of 'work control' was 
available to employers with the introduction of the systeis of gauges 
developed by Whitworth: 
'If the operative has a standard article beside him, from time to 
time, he can apply his gauges. and see what the progress of the 
work going an Is, and he may detect anything is wrong at a very 
early period. (S. C. an Small Arms, (1854) Q. 15691 
The increased control by management in penalising 'inefficient' 
workers derived directly from these new production principles. As early 
as the 1880s employers, therefore recognized and generally welcomed the 
control elements associated with the piece-work system: 
a.. # piece work is the fairest mods of securing the payment of a 
workman, in proportion to his skill and industry, since in our 
business it is easier to watch the quality of work produced than to 
watch the efforts of every workman In the establishment ... the 
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profitable result ... depends upon the amount of exertion used in 
executing the work". (Robinson, J. (1868) p-551 
The evidence suggests that the economic and labour-management 
strategies of some leading engineering employers in the second half of 
the century were a product of the innovation and control of new 
production technologies and, the use of a wage system involving payment 
by the piece. They were also a major source of contention in engineering 
employer-employee relations in the 1850s and 18809. (Allen, V. (1861) 
Q. 8413 
3.4.0. Employers' and Unlansl- Viewn nn the Plcca-Vnrk Systam 
A. S. H. secretary, W. Allen argued that as a general rule, piece-work 
was inferior, contributed to the degrading of skilled labour and 'inJured 
the trade'. Vork rates essential to the piece-work mode were determined 
by employers based on the work patterns of an expert worrman. a 
procedure that proved less beneficial to the ordinary machine worker 
because the rates were commensurate with high skill., 
"The wages of piece work are generally settled by an expert workman; 
that is employers generally give a piece of new machinery or 
whatever they want doing into the hands of an - expert workman, so 
that if he gets what may be considered a fair wage. those who are 
not such good hands come down to almost a starvation price ... there 
have been instances in which a workman has been obliged to go with 
less than his ordinary wages would be ... so we endeavour to destroy 
the system wherever we possibly can*. (R. C. on T. U. 1st Report, 
1867, op. cit. Qs. 674,675,6981 
The A. S. E. therefore resisted piece-work principally an account of 
its exploitative character, and the divisive nature of its operation in 
the workshops: 
piece work (even in its best features) Is without doubt the 
worst evil we have to contend against, for under the most favourable 
conditions it is utterly selfish in its operation, and is calculated 
to set man against man, by tending to benefit those most opposed to 
our Society ... the Conference cannot 
too strongly condemn the 
system; further we recommend the members generally to use their 
utmost infuence in putting an end to piece work ... * (Allen, V. 
(1872) p. 153 (Extract from Resolution (passed unanimously) at, the 
Manchester Conference of the A. S. E., 24th July 1872). 
This was a challenge to the employers over piece work, at least as, the 
system was articulated by a prominent employers Robinson at the 1866 
Royal Commission an Trades Unions. The piece-work system was regarded by 
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the unions as a management strategy to dilute craf t skills in engineering 
workshops, leading to the decomposition of the labour process which 
historically had at its centre the autonomy of the skilled worker. The 
employers on the other hand favoured the system on the grounds of Its 
Inormallsing' effects in terms of providing work opportunities for 
different grades of skill. Robinson said, 
the abolition of piece work I look upon as another mode of keeping down the skilled and Industrious workman to the level of the idle, Incompetent, and careless one, since a good man working by 
the piece simply earns a higher amount of wages In a week than an indifferent man, and In exact proportion to his ability and industry, but if hindered from doing so his employer as well as 
himself is prevented from reaping the advantage of his superior 
skill, and so from producing the work as the lowest possible price". 
(Robinson (1868) p. 561 
This evidence exemplifies the nature of production policy advocated by 
employers, against worker resistance throughout the second half of the 
19th century. Melling(1983) has argued that 
I ... (premium) bonus was pursued by employers... Q or)... rigarous 
supervision was far more popular with them than improved working 
conditions ... '(p. 67). 
Captain A. Noble (1893) as vice-chairman and managing director of Sir 
Wm. Armstrong & Co. (lewcastle-upon-Tyne), provides a contemporary 
perspective of this view towards the end of the century. He maintained 
that piece-work generated higher rates of pay, and accordingly, 
differentiated workers according to ability. He also asserted. 
"If you have a large piece of work put in a large machineo the 
foreman knows the rate at which the machine should go, and ... he 
can ascertain without much trouble whether the proper- amount of 
work is done or not ... 
He also maintained that where precise labour control was not possible, 
piece work still remained viable, as a means of: 0... knowing that you are 
getting a proper amount of work out of the men employed". (Noble (1893) 
Q. 252071 
The significance here Is that the direction of the manufacturing 
process under this method of work control was centred on the foreman or 
leading hand, not the artisan machinist. To quote Xelling(1983) again on 
the Increasing strategic importance of foreman, 
'... It is clear that Victorian foremen were pivotal figures In many 
of the staple industries. Their status often depended upon the degree of technical knowledge required, with craft trades selecting 
supervisors an the basis of superior expertise and creative imagination ... I(P. 1910). 
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The rate and quality of production was therefore, to a large extent, 
determined by the foreman's ability to calculate and determine the method 
of production and also to fix cutting-and feed rates. 
This clearly affected- 'floor-to-floorl times, I. e. complete machining 
practice including 'setting-up' and the subsequent machine work. The 
implication of this technical input from foremen was that the machinist 
could be reduced to machine tending; a break with traditional practice. 
A recent view by Littler (1978) In his commentary an the American 
system of 'scientific management I. Taylorism , put it like this: 
I$- (Taylorism) represents the historical switch-over from 
traditional effort-norms to the creation of new social mechanisms 
for constituting ef f ort- standards*. (Littler, p. 198) 
The key to the understanding of the piece-work system is that 
If 
It 
. 
was 
realisable only under certain conditions of machine and authority 
control. The essence' of this control was direction of workers by 
foremen, through the use of reliable machine tools of predictable 
performance, and standardised quality control methods. This kind of 
arganisation has been characterised in another recent commentary as a 
means of consolidating the authority structure of the workplace: 
I... capitalism (uses) the new 'technical basis' offered by the 
passage from the preceding stage to that of high nechanteation (and 
automation) in order to perpetuate and consolidate the authoritarian 
structure of factory arganisation". (Panzieri (1980) p. 521. 
But some 19th century employers regarded the social relations of 
production under this kind of organisation as limiting and contradictory: 
This is brought out in this reference to a group system of working: 
individual place work I think is very bad. Dick has a piece of 
work set him, and he does not care a bit what Tom and Harry are 
doing, and he will break his tools to got his piece through. There 
is ... constant fighting ... whereas if you make the whole 
responsible, each one produces more than If he had not been working 
himself alone". Hills, A. F. (1893) 
An employer tactic designed to overcome this kind of objection was the 
encouragement of the Piece-Xaster or "Butty System". 
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3.5.0. 
The Plecg-Mmstar System or "Putty Sy4ftpinn 
Labour control under the piece-master system Is significant for my 
analysis as I believe the evidence shows that, as with foremen generally 
in the engineering industry, those controlling piece-work schedules were 
emerging as an influential group within the changing social relations of 
production. Later in the century, for example, foremen became key figures 
in deciding whether boys could be released early from work In order to 
attend evening classes. The part-time day release system was a tediously 
slow feature in the development of technical education and then only 
after the turn of the century. I provide a more detailed analysis of this 
particular aspect of work organization in chapters 7 and 9. 
At this juncture I hypothesize that the structure of technical 
education was to become Increasingly tied in with the prevailing work 
patterns. The majority of students attended evening classes and were 
heavily dependent upon the goodwill of their immediate supervisors, the 
foremen, for release from work. Burgess(1988) argues, with reference to 
the Great Strike of 1897, that the ASE's Claim that Its members were 
responsible for training workmen. was rejected outright by the employers 
on the grounds that this function was 'the responsibilty of 
foremen ... I (p. 224). 
The tactic of group or 'gang' working provided an Important variant 
of the piece - work model. the "Butty" or piece-master system, and 
illustrates how young workers could be closely Integrated, Into dominant 
work patterns. 
The piece-master system entailed a specific Job organisation In 
which a gang of skilled men, labourerso and boys worked under the direct 
control of a skilled artisan foreman,, the 'piece-nasterl, In a large 
factory there might be up to five such gangs each under their respective 
piece-naster. 
Three features may be noted about this system. The f irst was the 
control of the wage bill through labour substitution within the gang, 
boys or labourere replacing skilled men; a policy under the direct 
control of the piece-master. EJefferys, X. 6 J. B. (1947) p. 451 Whilst in 
the majority of cases the piece-master had no right of hiring and-firing 
or responsibility for payment of his 'gang'. they did use their Influence 
with employers to-keep wages down. [Ibid. ) Evidence from the Children's 
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Commission suggests that a system approximating to the "Butty* method 
did, In fact, operate covertly in some instances, and, In others with 
employer connivance (see below 3.6.0. ). 
Second, there was a tendency for ý piece-masters to 'drive an' the 
men, for bonuses were gained for working within prescribed limits. 
The third, concerned the payment of such bonuses. This process 
known as "settling" concerned the sharing out of bonuses and Inevitably 
involved decisions by the piece-master as to the relative worth of the 
contribution of different members of the gang. 
Considerable criticism, focusing an these main concerns, was 
generated against the piece-master system. The A. S. E. criticized the 
unfair distribution of accrued bonuses; workers were frequently In debt to 
their employers as a result of not meeting production schedules; wages 
generally were brought down by the process. to the-lowest possible point. 
(Allen, V. ý (1867) Q. 6751 
This view was supported much later by one employer who considered 
the gang system very undesirable. The comments In this particular 
critique crystallise the more generalised criticisms of the system. 
'I found that the men were grinding each other; sweating each other 
... when the balance was paid (over and above the flat rate) we paid it to the leading hand of the gang, and we left him to divide 
amongst his mates; we found he did not divide amongst his mates 
[Vigram (1893)R. C. an Labour, Q-257401 
The Incidence of the 'Butty' system tended to be disguised by Its 
generally uneven distribution throughout the Industry. But two sections of 
the industry *ere prominent. railway workshops speciallsing in wheel and 
axle turning Jobs-, and arms manufacture particularly In the arsenals at 
Voolwich, Enfield and the V. G. Armstrong's workshops in Newcastle. 
These government establishments employed relatively high levels of piece 
work; the former at 60% and the latter, 'a very high proportion'. 
(Jefferys, X. & J. B. (1947) p. 391 
In Coventry, working by the piece wag practically unknown in 1861; 
by 1891 83% of A. S. E. members were working by the piece. During the same 
period in the Vest Midlands and the eastern counties there were 30% and 
36% increases in the practice, respectively. (Ibid. p. 43) 
Although sporadic the piece-naster system was increasingly used 
throughout the century and the evidence shows there was systematic use 
of children within it. I turn now briefly to the employment of children 
because it seems to me to highlight how new social mechanisms of control 
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were reflected In the employers' ý attitudes to children as a form of cheap 
labour rather than as young workers under training. 
I take a number of illustrations of children in engineering as case 
studies. The source of this evidence is the Children's Employment 
Commission of 1864. 
3.6.0 The Use of Child Labnur ln the Vorknhnpn 
A screw bolt works, in Darlaston employed 35 women and girls, and 
26 boys In the works. The boys were f rom nine years of age upwards and 
were principally employed at 6d to 10d a day from 0 a. m. to 6 p. m. as 
'blowers' (operating beating systems for making metal red hot). The 
lowest earnings the girls received was 3/- per week and it was suggested 
that any amendment to the existing Factory Act would seriously affect 
their earnings as, I 
'They work piece-work, and one girl can earn twice as much as 
another in the same tine". (Parliamentary Papers, Vol. XXII, 1864, 
Children's Employment Commission, Third Report, Appendix and 
Evidence, 1864, p. 24 (Evidence of F. N. Cotterill of Cotterill's Screw 
Bolt Yorks)] 
A machine-maker of relatively larger capacity employing 563 
workers, included 13 boys under 13 years of age, 110 boys between 13 and 
18 years of age, and 3 girls under thirteen. The large number of young 
people present in the works was accounted for by the owner as a 
consequence of a strike in the foundry, the result of which evidently 
entailed the sacking of men and the employment of boys as substitute 
labour. They were paid by the piece, through the men, 
in all cases in fact, where we can get a fair measurement of the 
work produced". Mid. p. 182.. Evidence of John Hetherington) - 
Another screw bolt works worked machinery non-stop from 6.30 a. m. to 
6.30 p. m. All the men and women were an piece work, the youngest girls 
received 2/6d. per week, the others 3/- and 4/-. It Is clear some of the 
children were at risk on the machines. 
'In one case ... a girl had her arm 
broken ... (she) lot it throw the 
bolt out bef ore she ought to have done, and the bolt hit her aria. 
Another girl had her wrist put out in the same wayN. (Ibid. p. 24 
Evidence of George foreton, Xauager of HortonIg Screw Bolt 
Manufactory, Darlaston] 
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Responsibiity for hiring and firing sometimes rested with adult workers 
rather than management; this required the building up of a team or gang, 
usually children, often workers' own children. 
'Three-quarters of the feeders are girls and young women. They were 
hired and paid by the fitter". [Ibid. p-24. Evidence of V. 
Elkington, Manager of The Crown Nail Company, Wolverhampton]. 
Littler (1978) focused on this kind of labour control in his critical 
essay on Taylorism 
I... management control in many industries was based an some form of 
internal contractor. who In large part ran the shop floor% (Littler, 
Craig ... I 
It seems that some firms which had set; limits to child employment but 
tolerated informal hiring procedures, a strategy that enabled management 
to benefit from their labour: 
I... no boy under 14 had any business there at all; all that were 
below that age had been smuggled in' by the parents or overlookers. 
Whatever their age and length of service, they were not recognised 
as having any position in the place, and were put an the footing of 
an apprentice till they were 15, that Is, would receive only 3/- a 
week, the wages of an apprentice at 14 ... " [Ibid. p. 87. foreman at 
Messrs. Walker & Hackney, Bury] 
The children were evidently conscious at times of the effect of this type 
of employment on their own, and others', health. 
'An 14 years old. have been here 17 months working at grinding 
Iron; began that work at 10 years old ... the dust makes my chest 
bad at times. Father used to grind here too; he died of It; he was 
35 when he died ... 0 (Ibid. p. 183, Nathaniel 
Shaw, of John 
Hetherington & Sons, Machine-Makers, Manchester] 
3.6.1. 
A common work practice known as 'integrated work processees' in which 
boys worked as a member of a team with adult workers, placed further 
constraints on some children. Analysis of this method of working 
suggests that release before completion of a 12-hour shift for education 
or training was discouraged and likely to be a hindrance to employers: 
'It was thought that a limitation Of the labour of the young persons 
under 18 to 10ifi hours a day would not work well, for the men would 
be at a standstill, when, as was very common. they worked an for 12 
hours, if the boys did not work equally long to keep them supplied 
with the articles they wanted. Such a restriction would Involve an 
increase of tools, of room and of young persons to one-fifth beyond 
the present state of things. and would thereby be extremely 
distasteful to the adults ... " (Ibid. p. 187, Xr. Valker of Valker & 
Hackney, Bury] 
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Evidence also shows that wage incentives encouraged children to remain in 
repetitive, low-status jobs. A machine manufacturer in Lancashire 
employed 44 boys under 13 years, and 354 between 13 and 18 years. Some 
of the 15 year olds were employed in the glazing and grinding shed 
that is unhealthy work, but not nearly so bad as the cutlery 
grinding in Sheffield; still for the reason of Its unhealthiness, 
they are the best paid of any Superintended by one man to six boys; 
their wages G/- per week on average. All paid by the piece, and we 
settle every seven weeks with them". [Ibid. p. 184 V. Xadeley, 
Partner in Messrs. Parr, Curtis and Xadeley). Others were machine 
minders. " 
Any form of 'part-time' release. I. e. being allowed off early, was 
subordinated to work schedules, as this evidence shows. A concession to 
$education' was effected by certain firms, one of which allowed half of 
its under 13 years old to leave In time to go to night school. But this 
could have been a problem for the children, for the hours worked normally 
were 571A hours in the week, from 8 a. m. to 8 p. m. an four days, and on 
Mondays from 7 a. m. to 5.30 p. m., with occasional overtime of two hours 
four days In the week. Any suggestion of limitation of work to 104 hours 
in the day was perceived by the foremen and adult workers as fragmenting 
for I... men and youths work in sets, and the work of one is dependent an 
that of the other". [loc. cit. ] 
It is clear that the concept of machine tending by unskilled workers 
and boys was well established by the 1860's and became generalised 
practice in a wide range of engineering and engineering- related firms. 
Among the largest, substitution of juvenile labour for artisans' work was 
related to machine tending and piece work. 
by far the greater part of what may be called the preparing 
work, - drilling, planing, slotting, and turning, and the like, - is 
done by lads under 18. " [Ibid/ 1/150 (Evidence of Mr. Palmer, 
partner In Messrs. Platt, Brothers & Co.. OldbLam. employing a total 
of 4471, including 115 under 13 years, and 778 13 years to 18 
years)] 
Boys were paid about 3/6 per week at 11 years, but the preferred age at 
the Platt Vorks was 12 years, after which they are put to drilling and 
turning; Inong Arga mpprPnticad-I (loc. Cit](my emPh3sial. The need for 
overtime working was obviated by two factors at Plattsi a recent 
completion of the extension of factory space for which extra hands were 
always available for a pressure,; and piece work which provided 
sufficient incentive for children to make ... as much In 10% hours, as 
they do when they know they have two hours longer". (loc. cit. ) 
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Breaks in a production run precluded payment by the piece and other 
work strategies were employed. For example, in a firm such as Xessrs. 
Iver and Hall in Bury. if a particular job was difficult to cost under a 
piece-rate, they favoured overtime work. Normal hours were 0 a. m. to 6 
p. m., extended to 8 p. m. 'when times are good's and occasionally till 9 
p. m. or 10 p. m.; and at times 'all night' 
This firm was not concerned to Investigate the age of children 
employed, 
if a boy looks from hiss appearance up to the work the foreman 
lets him come on; " [Ibid. p. 1871 
It employed 40 children under 18 years, 13 under 13, years, one between 
10 and 11, and one under ten. Starting at 2/3d a weeks those that were 
it.. at all sharp get promoted to the machine room, and become 
screwers, drillers, turners, and so on". Eloc. cit. ) 
The largest railway carriage makers in the country, the Ashbury Railway 
Carriage and Iron Company, employed 1387 workers, 23 under 13 years of 
age, and 149 between 13 years and 18 years of age. The youngest boys 
were employed as errand boys and the 'brightest were promoted' to 
drilling machines at about 13 at a wage of 0/- per week, paid by the 
piece in common with 'nearly all (the) hands' Mid. pp. 191,192 
(Johnson of the Ashbury Railway Carriage and Iron Company,. Opensbaw, 
Lancs. )] Some of those aged 12 assisted in the foundry, at 4/6d per week; 
whilst in the trimming department girls were employed at about 4/- per 
week. About 45 boys were operating machines such as lathes and screw- 
bolt making: 
*Am 12. What I am at Is 'tapping' (putting the screw in an iron nut 
with this machine). Have been here three years; was 'pulling out, 
for one year at a furnace on the other side there. Vent to day- 
school for a year, before I came to work here. Go to Sunday-scbool 
now. Can't read ... " Elbid. p. 
192. Evidence of John XacEwen (to 
investigator H. V. Lord)) 
Pressure for orders often meant working long hours particularly in the 
wheel and axle department, 
I... we are celebrated for wheels and axles; " sometimes involving day 
and night turns of 12 hours f or as much as... 10 months out of the 
last 12". EJohnson Ibid. ] 
Boys of ten were not exempt: 
"A, m 13. Have been here two years In the smithy; before that was 
working at rope walk. Went to that at 10 years old; used to work 
there from 6 a. m. till dark, that was till 6 and nearly 9 sometimes 
in summer. Have never been to day-scbool. Go to Sunday-school, but 
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don't read; they read to us there; I don't know what it's about". 
(loc. cit. Evidence of James Alcock] 
The generallsed practice of employment of child labour, particularly on 
machine tending, did not seem to have been a singular focus of attention 
for the A. S. E. But as a component of the piece-work system it was 
clearly perceived as an element of exploitation. There was a resistance 
to payment by the piece, and systems based an pro-scheduled production 
times. 
The employers' views were based an the action that rigid 
demarcation in Job practices based an &kill differentials hampered 
production efficiency. The employment of 'unskilled' workers, such as 
children, on machines, paralleled the use of the piece-work system of 
payment. The evidence shows that in deploying self-acting machines, 
employers stressed the simplicity of operation of such machines, and the 
logic of employing marginally skilled labour to man them. The unions 
challenged these assumptions. 
The substitution of skilled machinists by unskilled workers in 
machine manning, and the operation of more than one machine tool by a 
single operator as demonstrated by employers Whitworth (1854) and 
Nasmyth (1868) seems from the evidence to have been a form of Increasing 
Intensification of labour and a category of labour exploitation. This 
factor in the social relations of production becans a particular focus 
of dispute between engineering employers and skilled labour during the 
period fromthe 1850 (Allen, V. (1967) Q-8411 
An example of the kind of reaction to , the practice , of 
Intensification of labour came from A. S. E. Secretary, Villian Allen's 
testimony to the Royal Commission on Trades Unions In 1807. He argued 
that machine shops and tool-making establishments were particularly 
vulnerable to the effects of employment of unskilled labour via a via 
skilled machinists, 
'... there are a large number of boys eaployeds and In some Instances 
they (employers) have introduced boys to what we think an alarming 
extent, and result Is that the men have objected 'to it". (Allen, V. 
(1867) Q. 8461 
Allen also referred to a diffentiatlug grade of machine tool operator that 
marked off the traditionally trained machine artisan from unskilled 
operatives, who were known as $machine men' Cmachine ninders'). They 
were regarded by the Society (A. S. E. ) as labourers because they 
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I... were not in receipt of what we call ordinary, rates of wages ... and members must be in receipt of the ordinary rate of wages". CAllen, J. (1867) Q. 8951 
3.7.0. sumill"Ary Anti Dlrntlnqlmn. 
I believe the evidence points to a relatively widespread practice of 
the piece-work system, although its Incidence throughout the industry was 
uncoordinated and piecemeal. The employers who used the system In well 
organized structures clearly gained both In terms of productivity and 
marginal cost of labour. 
The introduction of accurate, automated tools with sophisticated 
means of measurement control, simplified many production processes to the 
extent that children could be employed more systematically. The unions, 
objection to this was not motivated by humanitarian concerns for factory 
children, but revolved around two factors: the Intensification of existing 
labour with increasing use of child labour, and the accompanying 
decomposition of machinists' skills. 
New mechanisms of control were available to employers; one was 
built into the system of piece-work Itself. The self-correcting checks on 
workers in serial production was significant not only for quality control, 
but it also clearly simplified labour control. Variations on the basic 
principle of piece-work, such as the 'piece master' or 'Buttyl system 
tended to consolidate the exploitative aspects of work control, 
particularly for children working within 'integrated working processes'. 
I have suggested that the implications for children of working under 
the piece-work system were twofold., Firstly, other than marginally 
elevated wages, the system militated against young workers gaining any 
realistic advantages either in terms of work or education. Secondly, tied 
in to a 'production by the piece' systemo It was Increasingly difficult 
for individual workers to break the pattern of production by seeking 
access to education requiring time off work. In the next section of the 
thesis I shall elaborate on this and put the case that young workers' 
access to technical education. based predominantly an a part-time 
principle, was critically influenced by the employers' pursuit of short- 
term profits. Employers were reluctant to forego the contribution of 
young workers Integrated into a work pattern designed to depress costs. 
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Underlying productive processes such as the piece work system was 
the continuing conflict stimulated by the employers' attempts to redefine 
engineering craft skills against the resistance of the artisans' union, 
intent on revitalizing the apprenticeship system. 
These issues warrant further analysis of the craft apprenticeship 
system and its decline throughout the century. This will be taken up in 
the next section. The section begins with an analysis of labour process 
theories In order to explore the contribution they might offer in 
Illuminating the interrelation between industrial and educational change., 
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My focus In this thesis, engineering employers, as principal buyers 
of labour power, were concerned in a number of ways with the processes 
by which labour power was reproduced. (I use Ilabour power' In the sense 
that it was a capacity to work for a given period of tine, and it was 
this potential for work which was 'bought' by the employer, and 'sold, by 
the worker). I believe the evidence also shows that a primary concern of 
employers thoughout this period was maintaining current production needs 
and not planning future skilled labour requirements. Time allocated to 
production was considered crucial by employers and other considerations, 
among them education for young workers, were secondary to the 
maintenance of production [Nasnyth(18515), Robinson(1868). Royal Commision 
(1909). Therefore my view Is that any explanation of the emergence of and 
changes in technical education has to take Into account the Interests and 
purposes of those who controlled 'technical labour power' for a great part 
of the time. 
I aim to show that the principle of part-time technical education 
became firmly established In the 19th century for Ideological reasons, 
based an the employers' uncompromising Insistence on young workers doing 
a full working week to meet the demands of production. 
In this I am at variance with a writer such as Floud(1985) who 
argues that the part-time system of technical education offered a means 
of vertical nobility for the workers in Victorian Britain, and It was 
'... an essential ingredient in the British approach to (technical 
education) ... which had to bass 
its appeal on personal 
motivation ... (of) ... those employees who were anxious to improve themselves... (that) technical schools were a successful means-of 
obtaining promotion or higher wages to clear from the Report of the 
Royal Commission an Techucal Instruction in 1884... I(p. 92). 
The fact that the part-time system was subject to constant criticism 
because of its heavy demands an young workers. even from its Inception, 
is alluded to but not developed by Floud. As late as 1935. the 
Association of Teachers in Technical Institutes (ATTI) was pressing the 
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Board of Education to make even the part-time ý element of , technical 
education compulsory; a policy that had still not been implemented by 
1983 E(C. A. and P. L. R. Horn(1983)). On the persistence and prevalence of-the 
part-time principle, Stephens and Roderick(1982) have also argued, 
'Firms were not Interested in the education of their, employees, and 
the few firms involved were only Interested in part-time evening 
instruction... I (p. 25) 
I have shown in my previous chapters that changes In the organization 
of work were part of 
-a 
set of labour control strategies which included 
the substitution of unskilled labour an jobs traditionally carried out by 
artisans. My examination of the skilled workers' resistance to work 
reorganization, based on substitution, shows that the ensuing conflicts 
centred mainly on the apprenticeship issue which was also related to the 
artisans' demands for some form of technical education. 
My hypothesis is this. After their defeat in the strike of 1852, 
artisans in the mechanical engineering industry were concerned with the 
way the deployment 
, of new 
technologies was being initiated; they 
perceived it as accelerating the process of substitution. At the same time 
as introducing new technologies, most engineering employers manifested a 
declining interest in maintaining the traditional mode of craft training 
and education, without proposing any substantive alternative model to 
replace it. The employers' interest and Influence extended beyond changing 
the configuration of the labour process by radically modifying the 
conditions governing the apprenticeship pattern of training. Not only did 
they resist the claims made by artisans for a retention of their status 
as skilled, autonomous workers based an the traditional apprenticeship, 
but they also resisted any notion of a technical education system which 
they perceived to be discordant with the pattern of production structured 
on the employment of unskilled labour, working automated machines. 
Artisan demands for a retention of the apprenticeship system and 
continued recognition of their status as skilled artisans were articulated 
as part of a set of ideas on education being developed by them. The 
precedence for working class interest in education other than as a 
'provided' system. may be traced to the Sunday School system going back 
to the previous century (Lacqueur(1976). Joyce(11977). In this respect I 
include examination of some of the artisans' first formal initiatives in a 
parallel development, the Artisans' Insititute as an off-shoot of the 
Vorkingmen's Club and Institute Union. This examination also seeks to 
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show that these kinds of initiatives embodied tensions and contradictions 
because, a) the skilled workers insisted an negotiating Independently of 
unskilled workers in any discussions with employers., b) Artisans- sought 
active support from certain public figures from the employer-class, such 
as Lord Elcho(Lord Veymes), and scientists such as Lyon Playfair and 
Thomas Huxley. I believe that both of thess Influences acted against the 
long-term Interests of the artisans and the apprenticeship system as a 
form of technical education. It was to the employers' advantage to 
encourage unskilled workers to man now machines; and clearly the 
employment of unskilled workers suited the emerging ideology, of 
production. 
Xy exploration of the attitudes of the skilled workers an these 
Issues Includes analysis of workers' proposals advanced from the first 
Congress in 18681 at this Inaugural conference a motion was passed 
calling for a system of, technical education to be set up and that the 
apprenticeship system be recognized as central to any'. such technical 
education schemeCTUC Congress 1868 Microfilm)]. 
I begin this section with chapter 4, an analysis of Labour Process 
theories and the interaction of work and technology. 
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4.0.0 111 
In this chapter I examine sociological accounts chief ly concerned 
with analysis of the labour process, and. within It, the issues of labour 
control. They are significant for my purposes for they have Inserted, 
within a broad framework of Industrial processes, analyses of such issues 
as job fragmentation, homogenisation of labour, and the effects an labour 
of increasing mechanisation. 
I thus turn to this literature, first to see bow analyses of the 
transformation of factory work highlighted in It may illuminate an 
understanding of changes in the use of machine technologies in the l9th 
mechanical engineering Industry. Second, I explore bow these accounts nay 
provide a basis for tracing a link between Industrial change and the 
origin- and development of technical education. 
Vhilst they do not necessarily provide explanations of the 
Interpenetration of control within the labour process and l9th century 
technical education; unlike histories of technical education and 
historical accounts of technology, they do stress conflicts within the 
labour process and the relation between technological development and 
labour control. 
They have focused4 with varying degrees of emphasis. on the nature of 
changes In the definition and use of skilled labour, the Increasing 
domination of managerial control, and the transformation of work. 
(Braverman(1974), Marglin (1976) oPriedman (1977), Berg(1979, 
1982), Lee (1979), Z imba list (1979), Vhalley (1986). Vood (1988). 
I shall examine three broad areast 
First, more general accounts of industrial management. Although not 
providing theories within a labour process framework, they are a 
significant part of the orthodoxy in the field of mangement and 
organisation studies. The main writers in this tradition are 
Woodward (1965), Blauner (1073), Kerr et al(9173). 
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,- Of the labour process theorists, Bravernan(1974) has provided 
significant contributions to the debates an changing concepts of skill, 
Job fragmentation, and work reorganisation. - My second - area Is an 
examination of his work, and the critiques that his theories have 
generated. 
Thirdly, I analyse accounts which focus more or less directly on 
technical education. 
4.1.0. 
York Organi-atImn. Lmhmur and Tgchiinlngy! Somm Pqrl)t 
. qlxnlflcmnt Thenrlan 
The achievement of the work of writers such as Voodward(1965), 
Blauner(1973), Kerr and Dunlop et al(1973) during the 1960a and 1970s 
has been to put organization and technology 'on the agenda' in their 
attempts to explain the nature of the relation between technology and 
organizational change. 
Voodward(1965) focuses an the relations between technology and 
management organization. Her main thesis is that management varied, its 
style and method of formal work organization In accordance with available 
technology. As technology became more complex and sophisticated the chain 
of organizational command tended to increase, 
I ... In firms where large batch production had been superseded by 
continuous flow production, the command hiearchy had lengthened. and 
the span of control of the chief executive had widened, and the ratio 
of managers and supervisors to total personnel had increased ... I (p. 73). 
The main thrust of her argument Is that technology to a pre-deterzining 
factor in industrial change(p. 75). She characterizes the development of 
technology on a typology from unit and small batch production, large 
batch and mass production, through to process production (p. 39). 
Blauner(1973) adopts a similar perspective and asserts that there is 
a tendency for technology to evolve' from 'single-piecol production as in 
specialized, highly skilled, work to 'continuous process, type of the kind 
found in the chemical industries. In relating work to technology be 
maintains that this evolution leads to a reduction in worker alienation. 
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Like Woodward he advances the view that technology Is a determining 
factor in industrial change: 
I ... technical changes involving changes In the production system were 
followed by a fundamental organizational change.. ' (p. 72). 
According to this view the Imperatives of technological change dominate 
the productive process, as Blauner(1973( put it, 
'... employers and their organizations are relatively 
uninfluential ... I (P. 10). 
The problem for me is that both of these writers present a limited 
analysis, constrained by their use of an historicist model of technology. 
The studies assume an autonomous development of technology, I. e. 
technology independent of other social and cultural forces. Such a model 
of technology resides in a consensual framework grounded in normative 
Integration: 
I ... technology more than any other 
factor determines the nature of job 
tasks ... skill distribution ... and normative 
integration ... l(Blauner, p. 8). 
Thus for Blauner, technology has significant functional properties; for 
normative integration is defined as 'Consensus between the workforce and 
management ... I (p. 25). 
The functional perspective is to be found in Woodward who argued 
earlier that the Industrial enterprise Is, 
'a small but complete society of individuals bound together Into a 
functioning team ... I (p. 74). 
The unifying characteristics of technology emerge in the work of Kerr et 
al(1973). A convergence model is put forward, In which it Is argued, 
industrialization develops 'consensus whenever (it) is 
successful ... I (p. 266). 
Industrial organization is also assumed to be Integrative, breaking 
down differentiation: 
I ... (occupation) takes the place of class ... 
(with) no really clear-cut 
dividing lines visible to all ... I (p. 206). 
In addition to the uncritical acceptance of an evolutionary model of 
techno1gy, it seems to me these theories rest too readily on the 
assumption of the workers' passive acceptance of the authority structure 
of Industry: 
'An industrial labour force ... must conform to ai pace of work 
established by the dictates of now masters rather than their own 
Inclinations or traditional standards. ' (Kerr et al p. 172). 
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The overall perspective seems to exemplify consensual models In which the 
potential for conflict associated with the reorganization of work seems 
to 
, 
be unrecognized and thus remains unexamined. There is also the 
assumption of a link with a particular Ideology of education; for example, 
basic literacy for workers is necessary, 
I ... to enable the bulk of the population to become literate enough to 
receive information (and) follow instructions ... '(Kerr et al, p. 267). 
4.2.0 
There are few studies which critically question the assumed linear 
development of tecbnolgy and Its operation within a consensual framework 
of technical change. Two studies which articulate the potential for 
conflict, not found In consensual theories, are Roe SnIth(1977) and 
Berg(1979,1982). 
Roe Smith, In an American study, examines the response of skilled 
workers to work restructuring at Harper's Ferry Arsenal. He argues 
'Because the element of individuality loomed so large In their lives 
(artisans) prtoved to be a fiercely Independent breed who baulked at 
any attempt to regulate, systematize, or depersonalize accustomed 
work procedues at the arnoryl(p. 334). 
Berg(1979) holds that new management strategies of control often met 
worker resistance and thus technological Innovations embodied control 
strategies designed to overcome skilled workers' reluctance to forfeit 
their autonomy: 
I ... technical strategies (were) designed to allow Industries to escape 
the grip of ambitious and highly skilled workers... these technical 
changes were often accompanied by new management strategies. ' (p. 13). 
These latter studies are significant for no In so far as they acknowledge 
the potential for conflict in Industrial change, and unlike consensual 
models, avoid a deterministic model of technical change. Technology is 
not seen as an independent and Integrative force but located as part of a 
specific set of social relations, often characterized by conflict between 
employers and workers rather than a functioning equilibrium. As 
Berg(1982) expressed It$ organizational changes early in the 19th century 
were met by 'rising working class militancy'(p. 5. ). Vith reference to the 
Ilabour aristocrats', she argues, 
'Although accorded distinct status by Industrialists and middle class 
reformers... (the aristocrat) was still subject to the discipline of the 
labour f orce (p. 217). 
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These views contrast with more orthodox models such as Woodward, 
Blauner. Kerr et al, in which technology Is presented'in an unproblematic 
way with highly circumscribed views of the conflictual nature of much 
technological change. 
Figuring prominently In consensual accounts is the notion of 
technology as a prime determinant in the organization of work and 
Industrial change. This view is carried over in more recent studies in 
industrial sociology. I quote Hirszowicz(1981) as an Illustration of this 
kind of approach: 
'it is clear... that the nature of workers' tasks is moulded by 
technological development; the division between machines and 
aggregates of machines Is the decisive factor in shaping human work, 
structuring social relations and affecting the whole rhythm of 
Individual life ... I (p. 30). 
It seems to me there are two parallel and questionable assumptions In 
many studies, exemplified by those I have referred to here. The first 
relates to the prime determinancy given to technological change. Second 
is the assumption that labour responds passively to the imperatives of 
technology, which Is said to embody its own logic. Blauner(1973), for 
example, writes of the workers' 'powerlessness, meaninglessness, and self- 
estrangement ... I (p. 15,3 4). 
The orthodoxy In these kinds of studies appears to accept at face 
value a linear develolpment of technology and worker compliance, as an 
Inevitable consequence of increasing mechanization. The crucial 
significance and influence of employers who controlled and deployed 
particular types of technologies as part of a wider control of the total 
labour process is underestimated. This approach seems to follow from a 
shared perception of technology as an Independent variable. 
I now turn to accounts which see the processes of Industrial 
change more In terms of employer control over the labour process. These 
are embodied In the debates concerning the labour process theories. 
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4.3.0 
A number of studies have focused an the centrality of, work in the 
labour process, and its reorganization which paralleled changing 
technological imperatives. Highly significant among these has been 
Braverman (1974). ThompsorL(1983) says, 
'(Braverman's) analysis played such a pivotal role in later debates 
because he combined a renewal of Marx's categories with an 
explanation of the dominant trends in the world of work ... 1 (P. 67). 
Empirically limited to the American situation Braverman, however, 
provides a useful focus for my study because one of his main arguments 
stresses that under a capitalist system of production there is a tendency 
for labour to be displaced in those occupations where technological 
progress Is most rapid. The mechanical engineering Industry in England 
from the 1850s was characterized by rapid technical and social change, 
and labour substitution was a key feature of the conflicts between 
management and labour. 
Braverman's argument puts machinery at the centre of such a process: 
'... in addition to its technical function of increasing the 
productivity of labour ... machinery also has in the capitalist system 
the function of divesting the mass of workers of their control over 
their own labour.. I(p. 193). 
In what ways was it possible for the employers to appropriate artisan 
skills and thus radically reorganize work? 
'One of their crucial strategies was located In the deployment of new 
machines instituted as part of an increasing division of labour, which 
relied =are upon unskilled workers than artisans. This was highlighted In 
the employment of child labour, especially boys. Children illustrate the 
point in so far as they were clearly not autonomous and had little, If 
any, control over their work. Two consequences may be said to stem from 
this. First, this kind of labour was suited to the sub-division or 
fragmentation of work, with an emphasis an the replication of many parts 
an automatic machines which could be pre-set. Groups of these machines 
could be set up and supervised by a single skilled worker who would, then 
oversee up to six machines and unskilled operators (Nasmytb(1856). 
Parliamentary Papers, Children's Commission (1864). Robinson(1868). 
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Second. employers accustomed to employing children in the capacity of 
$machine minders, were ill-disposed to both the apprenticeship system and 
technical education in a form which interferred with job specialization or 
work fragmentation. 
On the question of Job fragmentation Braverman holds that, -, 
'... labour power may be purchased more cheaply as dissociated 
elements than as a capacity Integrated in a single worker ... I (p. 8 1). 
For l9th century artisans, a combination of innovative technologies 'and 
new means of labour control rendered it unnecessary for them to 
understand anything concerned with their work except that required for 
their immediate tasks. As Braverman expressed it, 
Technical capacities are henceforth distributed on a strict 'need-to- 
know' basis ... 1 (P. 82). 
I believe the data show that significant changes In specific areas of 
work, for example metrology and automatic machining, accelerated the rate 
of Job fragmentation and labour substitution. These processes, largely 
dependent upon increased use of child labour, weakened the employers, 
interest in training young workers according to traditional patterns, or 
any newly conceived system which they perceived as incongruent with 
their redesigned production needs. 
4.3 . i, 
The Oupstlnn mf Vnrlrpr-tl RpniqtAnce tn Vnrk Re-nr7mnlTmtlmn 
Some writers have emphasized the place of substitution In the 
reorganization of work. Larson(1980). for example, says 
'The massive degradation of industrial skills by modern machinery 
creates a new labour market, one In which the supply of labour is 
enormously Increased by the influx of unskilled and therefore 
eminently replaceable workers'(p. 18). 
But, In my view, the nation of employer dominance in Larson, as in 
Braverman, Is so complete as to preclude any recognition of resistance on 
the part of the workers. This seems to me to be an ambiguous position 
for, as Vood(1982) says, the essence of Braverman's argument Is that work 
is geared to the creation of profit and. 
'... this locates a fundamental Conflict of interest between workers 
and capitalists ... for workers cannot be relied upon to work In the best interest of capital in a context of antagonistic 
relations ... I Wood (1982: 13). 
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This perspective has been theorised in a number of recent studies as the 
transition from formal to real subordination of labour. (Falmer(1975), 
Coombs(1978), Cutler(1978), Lazonick(1978)o Elger(1979), Burris(1980), 
Walkers(1981), Littler and Salaman(1982), Thompson(1983). 
I hold. in common with most of these writers, that Braverman(1974) 
not so much overstated the case of employers as a dominant class 
developing a clear,, untramelled ascendancy over a passive working class, 
but that he underestimated the nature and extent of skilled working class 
reaction to new technologies and management Ideologies. This was plainly 
the case with engineering workers in England. 
Palmer(1975) argues that Braverman focused on control within the 
labour process but failed to to acknowledge working class reaction to the 
emergence and consolidation of the process: 
'Braverman arbitrarily separates vital and complex relations that 
formed part of a basic unity ... (and) he inhibits his analysis by 
refusing ot consider the working class response to this 
unity... ' (p. 32). 
This failure by Braverman to acknowledge the active resistance of workers 
to imposed changes is questioned in a number of other critiques. 
Cutler(1978) holds that employers were motivated by factors other than 
increasing profits, and that consolidating control had a significant 
influence on their organizational behaviour. He says, 
'It is a universal that Ilabourl resists its insertion within the 
capitalist production process and that the primary object of 
capitalist calculation, Is to break down this resistance ... I (p. 75). 
Coombs(1978), Elger(1979), Stark(1980) also make the point that 
Braverman's historical account of the reorganization of work is flawed in 
ignoring the workers' appraisal and resistance to work reorganization. 
For Coombs, Braverman presents the reshaping of the labour process 
as a kind of 'blueprint' for action drawn up by the employers without 
consideration of possible reaction from those most actively involved with 
its outcomes. Accordingly Braverman is said to view reorganization as 
'... the outcome of conscious design rather than as the product of the 
struggle of contending groups. . '(Coombs: 92). 
Elger(1979) focuses on the manner in which Braverman conceptual izes , 
the 
relationship between capital accumulation and the degradation of work, 
arguing that Braverman 'forgets that the working class remains an active 
agency in the capitalist relation... ' (p. 24). 
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Braverman, he maintains, gives Insufficient stress to the relationship 
between employers' initiatives, in the reorganization of the labour process 
and the broader 'ideological and political conditions of capitalist 
hegemony.. ' (p. 44). 
He also questions- Braverman's analysis of 'scientific management', and 
the assumptions regarding working class conformity In labour 
reorganization. Braverman, he says, 
I ... produced little indication of the manner in which this, and related initiatives, arose out of any crisis. - . '(p. 40); or the mannner in which 
capital was, 
'--compelled to increase its scale and Intensify Its control over the 
labour process and create a complex corporate apparatus in an 
effort ... to transcend these constraints... ' (p. 40). 
I believe Elger's argument has a particular relevance for my study In 
this respect. Nineteenth century engineering employers In England did In 
fact create a 'complex corporate structure', the Engineering Employers' 
Federation (EEF), during the course of the century In order to confront 
the militancy of skilled workers: A process of management of such 
specificity finds no parallel in Braverman with his assumption of worker 
passivity. 
4.3.11 
Burawoy(1979,1985) centres an the way employers came Increasingly to 
dominate modern organizations in the form of bureaucracies, characterized 
by control. 'dependent more on rules rather than coercion ... 1(1979, p. 64). 
He argues that one of their strategies In confronting workers was 
through 'manufacturing consent' inside the relations of production. This 
entailed encouraging 'horizontal forms of conflict': workers directing 
Conflict against other workers rather than against nanagement. (p. 94). He 
writes 
'English workers are acutely aware of differentials ... conflict an the 
shop floor often arises from attempts by specific groups to maintain 
their position relative to other groups, rather than an implacable 
hostility to management' (1985: 134,135). 
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This notion of the deflection of struggles between employers and 
workers to inter-worker conflicts provides an Important Insight into 
power relations in industry. It has significance for me In questioning 
the way employers asserted their 'right to manage'. The evidence plainly 
shows that they resorted increasingly to the use of unskilled labourers 
on new classes of machines. A critical outcome of the strategy, was 
increasing antagonism between artisans and unskilled workers particularly 
over the question of machine manning. (This was one of the main issues 
In the strike of 1897, and the subject of chapter 8 below). 
This perspective is also found in Edwards(1979), for whom 
bureaucratic control was the most imortant change wrought by the modern 
corporation in the labour process' (p. 1320) 
Such writers suggest, by and large, that employers later in the 19th 
century embodied a less coercive approach to workers' resistance. But 
Edwards (1979) dismisses revisionist theories paralleling the earlier 
models of Blauner, Voodward and Kerr et al which postulate a consensus 
located in bureaucratic controls. His model of industrial organisation 
recognizes potential disunity rather than passive adherence to a 
hierarchical structure. He writes of the organisation, coordination and 
assignment of work tasks embedded In a 'larger structure of work 1(p. 109) 
which could be conflictual, in fact a 'contested terrain. ' 
I find Edwards' argument plausible but ambiguous at certain 
points. For example, In his reference to work organization be Implies a 
possible separation of technical and bureaucratic control. He writes 
I ... the control mechanism could be embedded in the technological 
structure-or it could be embedded In the socici- organ izat Iona I 
structure ... I(P. 110). 
This seems to represent a dualism which also appears In Burris (1986); She 
argues, 
I ... technical control is the blue collar/production counterpart of bureaucratic control; both are forms of structural control which 
serve to veil and legitimate control by embedding it In the structure 
of either the machine technology or the organizational 
structure ... '(p. 173). 
My case is that the technical and social aspects of production are 
inseparable, and may be clearly illustrated in the work of the American 
engineer F. V. Taylor as I have previously Intimated. The Interpenetration 
of the technical and social elements of production was a basic principle 
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of 'scientific management', which Edwards also maintains, had as one of 
its most direct influences 
I ... the addressing of the Issue of power relations in the 
workplace.. ' (p. 104). 
Wood(1983) holds that Braverman as well as neglecting the Jrsue of 
worker conflict, attributes an homogeneity to the employers while 
Ignoring crucial differences between workers arising out of changing 
patterns of power relations: 
I ... (Braverman) underplays the differences between setions of the 
working class. By contrast. he treats the dominant class as a totally 
organized and united force(p. 15). 
I seek to show that my analysis, particularly with respect to the strike 
and lockout of 1897, demonstrates that the employers were, to paraphrase 
Buraway, Inaunfacturing consent'. They encouraged unskilled workers to 
collaborate and engage In substitution; indifferent to the accompanying 
demise of the artisan class and the deterioration In industrial relations 
this kind of 'consent' generated. 
4.3.111 
The Issue nf 'SnIgntIfIc Manilzementi- The Tn luence mf 
F. Maylor. 
On the question of the status of 'scientific management' as 
propounded by F. V. Taylor, I hold Braverman's analysis relies too 
implicitly on this feature of Taylor's work, and the effect of these 
principles on workshop control and management. He says of the equation 
between Taylorism and work organization: 
'It is impossible to overestimate the importance of the scientific 
management movement in the shaping of the modern corporation and 
Indeed all institutions of capitalist society which carry an labour 
processes' (Braverman: 80). 
The labelling of 'scientific management' as a 'movement' seems an 
exaggeration of a relatively limited management strategy. The application 
of 'Taylorism' was not universal as Implied in Braverman; in any event, it 
was controversial in America, based only in two hundred firms at its peak 
(Littler(1980). It made little impression In England as a 'science of 
management' vis a vie Taylor's highly significant innovations in cutting 
tool steels, which had their first cutting trials in England in 1903. 
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These, had a profound effect an metal machining. (Proceedings of the 
Institution of. Mechanical Engineers, 1903) 
Thus 'Taylorism' was to be found in England in a modified version 
known as the 'Bedaux System' in the 1920s and 1930s (Littler (1980). One of 
the first 'science of management' texts in England suggested that 
'Taylorism' failed to take hold in British industry because, 
'... the industrial milieu presented an Infertile soil ... (of) sceptism 
and apathy - an incapacity to understand that anything other than 
technology was of consequence ... and the opposition of organized British labour ... 1(Urwick and Brech(1946: 89,92). 
Despite his over-reliance on Taylorism It seeems to me that Braverman 
also takes technological development at face value. He gives insufficient 
analysis to the' precise way Taylor systematically used technology, 
particularly metallurgical innovations such as cutting tool steels and 
new machining processes, to overcome skilled workers' resistance to work 
reorganization. 
For Braverman, technology and technological knowledge were readily 
appropriated by employers as an Ineluctable part of a process of 'de- 
skilling': 
'The break up of craft skills and the reconstruction of 
production ... have destroyed the traditional concept of skill and 
opened 
, 
up only one way for mastery over labour processes to develop; 
in and though scientific, technical and engineering knowledge. But the 
extreme concentration of this knowledge in the hands of 
management ... has closed this avenue to the working 
population ... I (p. 443). 
Braverman falls to adequately explain how it was possible for management 
to divest artisans of their skills within an innovatory 'science of 
management', in the way he suggests. It seems to me Taylor's major 
contribution to the employers' ideology of production lay, not so much in 
'scientific management', as in bringing the seminal work of engineer- 
entrepreneurs such as Maudslay, Whitworth, and Nasmyth in 'the 
18th and 
early 19th centuries into contemporary engineering practice. 
The technologies developed and implemented by these engineers were 
designed to operate in a specific set of social relations in which the 
worker had minimal autonomy; the technologies were factors of labour 
control. In, other words, the machines were not technologies which 
required new forms of management expertise but were conceived with the 
subordinate position of the worker in mind Masnyth (18515), 
Whitworth (1854,1856). Taylor(1911), Hoxie(1918). Littler (1980,1985). 
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From the 1880s Taylor researched a new cutting steel, High Speed 
Steel, which was capable of cutting metal at much higher speeds than ever 
before; hence the rate of metal removal was commensurately greater (Iran 
and Coal Trades Review (1903), 'Engineering' (1903), Benjamiu(1900), 
Taylor(1910,1911)1. *# 
Taylor's tool steel developments embodied a further means of 
neutralizing worker -resistance by undermining the skilled workers' 
exclusivity regarding preparation of cutting tools and machine setting. He 
achieved this through the introduction of his high speed steel tools that 
could 'tolerate, heavy loading, i. e. they were able to stand rough 
treatment during the cutting process, a characteristic well-suited to use 
by unskilled workers(Taylor 1906,1910). 
His Innovatory machining techniques were based on a principle of 
'roughing', machining with high rates of metal removal, where the 
condition of the finished surface was relatively unimportant. This kind 
of practice was instituted by Taylor for use with his new tools, 
employing predominantly unskilled labour. Subsequent machining was done 
by the more skilled workers, who could work accurately at much faster 
rates because the bulk metal removal had already been carried out in the 
'roughing' process [Usher(1895), Taylor (1906,1910,1911) , U. S. Eleventh 
Special Report(1904), Hoxie(1918)1. 
This seems to me to be the essence of Taylor's work and is clearly 
undervalued In Braverman because the technology is taken as given, and 
the workers' reaction to its implementation is Ignored. 
It is my case therefore that In an Important sense much of the 
technology introduced by employers from the 1850s was never 'in the 
hands' of the artisans as argued by Braverman. From its Inception it was 
an employer-dominated technology. and not appropriated later. 
, 
This 
chronology of technological innovation is over-shadowed in Braverman by 
his Insistence on seeing the process in terms of Ide-skillIng', a process 
in which the employers extracted 'skills' from artisans. 
'# In Appendices 6b, 11,11(a) I provide details of some of the more 
significant research by F. V. Taylor in the field of metal machining and 
his metallurgical studies contributing to the development of new tool 
steels. 
-114- 
4.4.0. 
Some labour process theorists have attempted to extend the analysis 
beyond the confines of the production process. For example, some have 
explored the relation between education and the labour process, focusing 
on the employers' need to reproduce a particular kind of labour force 
EDavies and Broadhead (1975), Gorz(1976), Bowles and Gintis(1977), 
Edwards(1979), Lazonick(1977), Burns(1980), Vhalley(1986). McGuffie(1986). 
Although much of this work is American I find it provides relevant 
and useful sources because of the way the analyses is moved from direct 
concerns with the productive process and its control, to cultural and 
institutional considerations outside. 
I now turn to an examination of these kinds of analysis. 
Lazonick(1977) argues that in order to locate the essence of the 
capitalist mode of production In terms of the way emplolyers appropriate 
labour in the labour process, analysis must nova outside the sphere of 
production. He appears to argue a case for considering education as part 
of an analysis of work organization and control. Such an analysis, he 
holds, focuses on political and cultural institutions 
'.. that are fundamentally shaped by the need to reproduce labour in a 
manner that conforms to the goal of appropriation.. ' (p. 111). 
Gorz(1976), turning to the process of certification, argues that formal 
education leading to technical qualificationst is also concerned with 
controlling the social condition in which production is carried out. He 
says I 
'All those whose Job it is, because of their technical qualifications, 
to supervise the smooth running of production in fact work to 
reproduce the hierarchical division of labour and capitalist relations 
of production... ' (p. 175). 
Burns(1980) reflects Braverman's notion of the appropriation skills and 
their acumulation in the hands of the employers: 
I ... the obverse of the degradation of 
labour Is ... the emergence of a 
highly privileged stratum -of highly qualified technical and 
supervisory personnel in which the skills and knowledge once held 
collectively by the working class are concentrated and employed in a 
manner which-perpetuates the subordination of the immediate 
(producers ... I (p. 26). 
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Thompson(1983) argues similarly that there was a need an the part of the 
employers to combine coercive forms of control with elements of education 
which, 
I ... create a new breed of workers appropriate to the discipline of the 
factory ... I (p. 56). 
Whalley(1986) inplies that a differential education was significant In so 
far as, 
I ... workers who supervise are separated from the working class by 
political relations since the managerial control of labour reproduces 
within the factory the political dominance ... that exists... (Outside) ... (P-8). 
The importance' for employers in favouring a differentiated system of 
technical education, which, I argue, had its English origins In the late 
l9th century, is argued in Whalley thus: 
'As technical education becomes more arcane and less susceptible to 
acquisition by experience, workers will be less able to challenge 
management's legitimation of their decisions an technical 
grounds... ' (p. 10). 
These theories provide some insight into the way employers perceived 
technical education in the 19th century. I have argued that In the earlier 
phases of technololgical development In the 19tb century, i. e. before the 
1880s, skilled artisans were responsible, through the apprenticeship 
system, for craft production and also for the training of young workers. 
In the chapters which follow I shall elaborate on this and propose that 
with the development of technical education from the 1880s under the 
Society of Arts, and subsequentlty the City and Guilds of London 
Institute, the traditional artisanal role was fragmented and a division 
between workers and between managers and workers became 
Institutionalized and replicated: Very small numbers of students attended 
courses at the Central Institute of the City and Guilds, the bulk of 
students attending evening classes only at the Institute's technical 
college at Fitsbury(C. A and P. L. R. Horn(1983,1984) 
Davies and Broadhead(1975) are among a number of writers who 
identify a relationship between productive and non-productive forces and 
link education to aspects of control within the labour process. They 
emphasize the cumulative role of new groups of 'Managerial specialists, 
who receive a specialized education. Their view Is that technical 
education in the U. S., for example, gave rise to to new groups, scientists 
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and 'professional engineers', whose function became increasingly linked 
with the 'design of the labour processl(p. 80). As Armstrong(1986) says 
'The (engineers') approach to the physical process of production grew 
out of the engineers' previous experience of machine design. Workers' 
movements were analyzed and redesigned so as to achieve the most 
economical sequence, an approach which inherently presupposes the 
subordination of manual to mental labour.. I(p. 24). 
A more specific analysis of education and its relation to control in the 
workplace may be found in Bowles and Gintis(1977). They provide a 
'correspondence' theory in which they maintain the education system 
produces differentiated manpower for the economic system. It reproduces, 
they argue, the relations of production; functioning to assist the 
capitalist economy in preventing subversion of the production process: 
'Different levels of education feed workers into different levels 
within the occupational structure and, correspondingly, tend toward 
an internal organization comparable to levels in the hierarchical 
division of labourl(p. 132). 
My intention is not to support a 'correspondence* (or conspiracy) theory, 
but to suggest that Bowles and Gintis' theory represents one of the most 
recent variants of the consensual approach found in earlier English and 
European writers such as Cotgrove(1958). Musgrave(1962). Thalfsen(1971). 
Although these writers do not offer accounts within the labour process 
debate their work points up the functionalist orientation of much of the 
research on education and Industry, such as exemplified by Bowleg and 
Gintis. 
Cotgrove's (1958) account serves to strengthen the rationale found in 
most historical perspectives of technical education, by assuming a 
functionalist model of industry, education and society. This may be seen 
in his view that, 
'... the dead hand of tradition has hindered the adjustment of the 
educational system to the changing needs of society ... I (p. 205). 
The holistic approach in Cotgrove is coupled with a highly deterministic 
view of technology which is itself equated with science. He says, 
'It is the application of science. that Is to say technology, which 
has brought about transformations (of society) ... I(P. 1). 
Musgrave(1962) argues an equally deterministic account of technological 
and social development. predating in its emphasis the correspondence 
theory of Bowles and Gintis(1977). 
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He maintains, I 
'The inherent logic of industry tends to drive the industries of 
different countries to the same destinations ... (and) ... education is 
vital to the process ... a broad general education helps 
adaptability ... this should ensure that at all levels workers can 
switch to meet innovation with more ease... ' (pp. 258,259). 
The underlying ideology of the holistic approach of Cotgrove and Musgrave 
to education and technology. is paralleled in Tholfsen's(1971) thesis. His 
focus Is an the self-regulatory mechanisms of a shared value system, 
characterized , for example, by skilled workers: 
'the whole system operated to internalize the dominant values within 
the basic personality structures of individual workmen. Shared values, 
internalized, and Institutionalized, constituted a powerful self- 
stabilizing mechanism In a culture prevailed by social 
tension ... I(P. 61). 
Bowles and Gintis(1977) seem to be extending Marx and share with 
Cotgrove, Musgrave, and Tholfsen a functionalist perspective, which does 
not square with the evidence I shall produce In later chapters. I believe 
it shows that the conflictual nature of much of the interaction between 
powerful employers and skilled workers significantly influenced the type 
of education workers were offered. 
4.5.0. gLnd Dl-ýnusSlmn 
In the main, I believe 19th century employers' ideology of production 
was dominated by an overriding concern with maintaining current 
production needs and advancing their control of the labour process. They 
were not concerned with 'forward planning' of skilled labour requirements. 
The conflictual nature of employer-employee relations associated with 
much of this management process is Ignored in mainly functionalist 
accounts. A thesis such as Braverman's plainly underestimates the 
potential for conflict in work reorganization and the implementation of 
new technologies. I hope to show that the development of the CGLI from 
1878 reflected this kind of ideology. 
In relation to l9th century England, I believe the evidence shows 
that not only was there no neat Interlocking of education and the 'needs' 
of Industry, but suggests first, that technical education was conceived as 
part of the 'free-market' enterprise; an a much more ad hoc basis. Second, 
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the form and structure of technical education from the 1880s was related, 
not in a form of 'correspondence' inducing some kind of functiong 
equilibrium, but was contingent upon increasingly antagonistic power 
relations in industry. 
My examination of the literature suggests that there are two common 
strands in theories of the labour process which seen to parallel models 
of education In which technical education is institutionalized. separate 
from practical work. First are those which postulate a separation between 
technical and bureaucratic control; second those which focus an the 
distinction between 'conception and execution' as articulated by 
Braverman. 
This has led me to centre my analysis of the origin and development 
of technical education on the employers' ability to unify control over the 
total labour process and thereby significantly Influence, but not 
necessarily wholly determine, the form and content of technical. education. 
I believe the debate an the labour process has highlighted a 
neglected area in existing accounts of labour and technological history 
In the 19th century, viz the critical interpenetration of work and 
technology. Artisan reaction to the imposition of work reorganization, 
based an new technologies, has been neglected by writers associated with 
Braverman and neo-Marxist approaches. Subsequent critiques of this model 
Of technical change have reopened the crucial issues associated with the 
implementation of new technologies and the employers widening begemonic 
control over the labour process. Central to this control in manufacturing 
Industry was machine tool technology and changes in the basic metal- 
removing properties of the new tools. In order to offer an explanation of 
the changing relation between control of work and the use of specific 
technologies I turn to an examination of the apprenticeship system, for 
it was the crucial question of the reproduction of skilled workers which 
became the focus of many conflicts during the period. 
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5.0.0 
IntroductInn 
In my study thus far I have suggested that the essential features of 
the traditional methods of trade training were being radically changed 
from the 1850s. What was the nature and extent of these changes and how 
were they influenced by the recasting of the ideology of engineering 
production, through the use of innovative technologies and new management 
strategies? In order to address this question it is necessary to provide 
a brief analysis of the development of the apprentice system. Xy short 
historical survey" shows that artisan-apprentice relations were based 
essentially on paternalism. By this I mean such relations were 
characterized by a Inaster' being 'an authority' (in a traditional craft)l 
the apprentice was in a learning situation and adopted the role of 
'pupill. This was at the centre of the historical English craft system of 
technical education; and the only form for much of the lQtb century. 
In this chapter I examine the hypothesis that the retention of the 
craft apprenticeship, or some model based on it, was central to the 
skilled workers, resistance to work reorganization and underlay many 
employer-employee disputes from mid-century. The unions regarded skilled 
status as more than a vehicle for occupational recognition, it was also 
crucial to their self-conception as 'respectable' scientific artisans, 
superior workmen. 
My theoretical position draws upon my critique of what I have 
referred to as the technicist ideology of engineering employers. Therefore 
In exploring the centrality of the apprenticeship question I hope to show 
to As this is not an extensive historical analysis I offer a review of 
the Craft Apprenticeship System in the form of appendice3 114,14(a)]. 
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that there, was a critical Interdependence between Innovative technologies, 
struggles over power relations, and employer attitudes to work control 
and technical training and education. 
This raises further questions., What was the interrelation between 
the employers' attitudes towards the implementation of new technologies 
and the reorganization of Industrial work? 
Why were engineering employers reluctant to maintain the traditional 
craft training system, the apprenticeship? In what ways did a belief in 
the linear development of technology Influence the employers' attitude 
towards the apprenticeship? What, If any, alternative model of craft 
training had the employers envisaged? My belief is that the key to these 
questions lies in an examination of the nature and development of craft 
expertise. 
Here I first examine the notion of 'skill' and the treatment this 
concept Is given in the literature. Next I shall explore the assumed 
autonomy of skilled labour and as a form of investment in human capital; 
and how artisans and employers perceived it In relation to the 
traditional craft apprenticeship system of training. I go an to examine 
the relation between the employers' control over a system of trade 
training, and their Ideology of production which seems to me to hold as 
paramount the domination of new technologies as essential precondition 
for control of the labour process. I shall follow this with an exploration 
of the changes in the attitudes of employers and skilled workers towards 
the apprenticeship system, as control of work was gradually transferred 
to employers from its traditional location in skilled workers. - 
Thog C: Oncept nf Skill 
The literature as a whole reveals little In the way of clear 
definitions of skill. The debate since Braverman's (1974) analysis of the 
labour process and his articulation of the process of 'de3killing' has 
tended to focus an the negative aspects of 'skill' In the sense that it is 
a quality In human work performance which Is diminished or eliminated as 
a result of increased mechanization. But few explicit definitions exist of 
what it is that is actually affected in the process of IdeskIlling'. As 
Thompson(1983) says 
'.. in most cases skill is measured less by formal definition than by 
historical context and comparison ... I (p. 92). 
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The main contentions between l9th century employers and workers 
frequently related to the credibility afforded definitions of 'skill'. and 
the implications it had for the struggle over workshop control and the 
experience of young workers learning a trade. The main focus of this as I 
see it is the way the skill content in certain classes of work was 
defined in the 19th century. The artisans argued that many classes of 
work required a generalized expertise which could only be acquired 
through systematic training. Discussing the notion of generalizability In 
terms of 'flexiblityl, Rairibird(1988) makes the point, 
'... the unions' ability to claim new skills and to obtain formal 
recognition for then will be fundamental to the (re)definition of 
skilled work ... I (p. 176). 
Employers regarded the artisans' rationalization as exaggeration and held 
Iskills' were often no more than mere 'defensive' categories used by the 
workers to maintain status(lasnyth 1868, Robinson 1868) 
Recent analyses of the nature of skill may be summarized in terms 
of a broad dichotomy. First, there Is the notion of skill as 'learned 
attributes, abilities, and knowledge developed over a period of time by 
training and experience. Pollard(1978) for example notes, 
'... (skill) traditionally involved manual dexterity, acquired after 
many years of practice, but it also included knowledge and Judgement 
of processes and materials ... a degree of literacy and other abstract 
(e. g. mathematical) knowledge ... I(P. 118). 
Oxhey(1981) largely concurs in this definition, but also distinguishes 
the highly transferable, generalized skills of the craftsman and the 
product- or process-oriented skills of the 'operator' (p. 580). The latter is 
characterized by the need to work to explicit instructions and under 
close supervision. This particular distinction is also made by 
Gulowsen(1988) who characterizes general skills as those acquired through 
apprenticeship, and company-specific skills which are related to an 
individual firm and not readily transferable(p. 162). The former types of 
skills provide a 'sheltered labour market' for the worker. The latter have 
restricted nobility being almost entirely limited to the company; they 
are 'conpany-dependentl(p. 164). 
Skill may be defined then as a multi-purpose concept In as much as 
the worker is able to demonstrate the degree to which he has a mastery 
over certain manual operations. It could involve planning and decision- 
making, flexibility and dexterity in performance, competence and 
manipulative sophistication In various aspects of work; and the ability 
to work at reasonable speeds within prescibed limits of size with 
minimum supervision. 
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Second, there is the approach to skill which rests primarily on 
labelling; an approach which emphasizes the social construction of skill 
as opposed to explicitly defined technolgical categories of human 
performance. More(1980) distinguishes social and technological definitions 
of skills, arguing that if workers are sufficiently strong. they attempt 
to formalize skills, and resist changes of definition and status. Such 
attempts correspond to a social defintion of skill. 
This dichotomy Is highlighted by Lee(1981) in discussing the 'de- 
skillingl/len-skilling' debate. He argues that there is a need to make a 
distinction between de-skilled jobs and de-skilled workers. He says, 
I ... Vhereý craft workers are recognized as 'skilled' their jobs will 
not have been technically de-skilled, though they may have been re- 
def ined ... 1(p. 71). 
Clearly, a specific, 'skill' which embodies learned characteristics of 
expertise and methodology, under 'normal' circumstances, Is Inviolable in 
the sense that it is embedded in the personality structure of the 
individual. As Polyani(1975), in art analysis of 'tacit knowing' and 
apprenticeship, says, 
'By watching the master and emulating his efforts In the presence of 
his example, the apprentice unconsciously picks up the rules of the 
art, includInZ thnne which Are rint-explicItly 
lrnnwn to thp m-inti-r 
himsplf ... 1(p53)(my emphasis) 
The notion of tacit knowledge is found also in Xanwaring and Wood(1985), 
Jones and Vood(1985), Sorge and Streeck(1988), and Granovetter and 
Tilly(1988). Manwaring and Wood refer to 'tacit' skills which relate to 
the 'feel and discretion which form the basis for, subjectivity in even 
unskilled workers and are vital to efficient performance in all work 
situations ... I(p. 117). They argue that an 
important Implication of the 
conception of tacit skills is that the exercise of skill should not 
necessarily be seen as a 'conscious activity ... I(p. 179). 
Sorge and Streeck(1988) argue similarly in distinguishing 
Iqualificationall factors in the organization of work and work skills. 
They define Iqualificational factors' as denoting skills and knowledge 
embedded in a person for the 'achievement of a taskl(p. 21). Granovetter 
and Tilly(1988) stress skilled workers' capacity for productivity and 
their Indispensablity, maintaining that a skilled person, a) has a 
personal capacity that adds to a firm's productivity, b) would be 
expensive to replace , 
by another worker. Drawing upon Jones and 
Vood(1965) they further argue that skill involves 'tacit knowledge' that 
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is difficult to articulate. Stressing the dual nature of skill they locate 
it within the social relations of the workshop: 
'I ... since the 'skill the workers display is neither a well-defined 
trait of worker or of job, but emerges from interaction and 
bargaining among workers, employers and one another, technological 
change can not automatically impose deskilling and employers' 
control ... I (p. 2 10). 
This latter perspective is a useful corrective to views which perceive 
technological control in a mechanistic way and stress Ideskilling' as an 
inevitable consequence of mechanization, ignoring the interaction of work 
an technology and the response of workers , 
to technological and 
organizational change (Woodward (1965), Blauner(1973), Kerr et al(1973), 
Braverman (1974), Goss(1986). 
Skill characteristics may of course fall into disuse, be 'unlearned, 
or forgotten, but in the context of Ide-skilling' It to me more 
likely that the skill requirements for particular Jobs would be changed, 
or re-defined. Lee(1981) therefore makes an important distinction. The 
experience of 19th century engineering developments suggests that Jobs 
could be, and were, technically Ide-skilled'. as my analysis of the Issue 
of precision measurement taken , 
up by Vhitworth(1854,1856,1876.1885) 
shows. 
Hobsbawn(1984) presents a classical approach to skill definition 
when he argues that the division of workers into 'artisan' and Ilabourers' 
represented, from the men's, point of view, 
'... a qualitative superiority of skill so learned... ' (p. 358). 
He also stresses that 'skill' required a formal structure for Its 
realization, a process he refers to as the 'prof essionalization of 
craftsmanshipi(p. 356). This model fits with his notions of Ilabour 
aristocracy', the structure of which reinforced the status differences 
between the skilled and the unskilled. 
Morris(1981) points up the interdependence of socially constructed 
skill and economic conditions, both market and technological (p. 23). In 
this he criticizes More(1980) who put forward the view that 
, 
the concepts 
of economically rational and socially determined skill were mutually 
exclusive and independent. 
More rejects the notion of skill as a social construct. and 
particularly the place of unions in determining skill: 
'There is no ... evidence that engineering unions were strong enough to 
impose apprenticeship on their employers ... (and) In the social 
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construction model, technology and therefore skill are infinitely 
variable ... I(p. 146/7). 
Lee(1981) argues, similarly that unions exercised limited power regarding 
the social construction of skill. He says. 
'Neither at local nor national level have craf t unions been able to 
impinge successfully on the employers' 'right to manage' industrial 
training and enhance the content or status of 
apprenticeship ... I (p. 27 1). 
Another approach which differentiates the social and technical 
characteristics of skill is found in Goss(1986). He argues that skilled 
status needs to be conceptualized as incorporating a 'social dimension' 
capable of being constructed or destructed independently of the objective 
"technical" content of a particular Job(p. 425) 
In his study of skill in the printing industry. he puts the view. that 
the conferring of the label 'skill', whether by management or yorkers, 
does not necessarily signify 'the essential possession of genuine 
knowledge, but may... be socially constructed ... I (p. 428). 
I find unsatisfactory the separation between the 'objective' 
"technical" content of a particular Job and, the social dimension of 
skilled status. It is not clear, what the 'objective technical content, of a 
Job implies. This seems tolme to reflect a technicist view of technology 
which disregards the human input and social purpose underlying all 
technological developments. Littler(1982), drawing upon Hintou's(1973) 
notion of the traditional craftsman as capable of working from start to 
finish on a job without employer interference, makes a similar point: 
I ... in practice it proves difficult to find an objective basis for the labour quality of jobs... Changes in skill levels are linked to the 
modes of work control. This means ... it is not possible to def ine 
skill independently of organizational and control processes... ' (p9). 
Jon Clark et al(1988) concur in the approach of Lee(1981) and Xanwaring 
and Vood(1985), but go beyond a simple dichotomy regarding craft skill. 
They particularly question the notion that the exercise of control by 
workers over their own labour is synonomous with job or task control. 
They first distinguish skill as 'rooted in the content of work tasks ... I 
Two other other dimensions of skill are then proposed: Skill ý in the 
person, i. e. 'skills possessed by individuals accumulated from a variety 
of sources (training and experience and so on)'; and occupational skill 
which is said to depend an the ascription of skill status by groups, for 
example, trade unions, employers. workgroups. 
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With their typology Clark et al seek to challenge the mechanistic 
link they see often characterized between technology and Ide-skilling or 
'up-skillingl(p. 90). 
The interpenetration of economic, technological and social factors is 
brought out in Penn and Scattergood (1985). They reject the notion of a 
unilinear transformation of skills or of production relations, necesarily 
paralleling technical changes. They stress the critical Interdependence of 
trade union' organization, the relative power of skilled labour, and market 
conditions, as determinants of the conditions under which new 
technologies were applied. They then argue, 
'Occupations are organized around the identity of "skill" and a whole 
range of norms and practices focus on the preservation of such 
skill ... 1 (P. 612) 
Joyce(1984), focusing an the dynamics of technical change, challenges 
existing accounts which assume radical modifications to workshop 
management determined by technological and organizational changes. He 
suggests that in order to effect a smooth transition during such changes 
'skill' needs to be re-defined, and '... renegotiated. carrying with it a 
marked degree of control over the immediate work situation ... I (P. 69). 
However,. in the case of 19th century engineering It would be 
difficult to sustain the notion of Ire-negotiation', rather, the evidence 
suggests the imposition of redefined Job skills by employers Intent an 
diminishing skilled worker status. My case has been that in order to put 
this Into practice the employers required an alternative to the artisan 
skills upon which they had been so reliant. Technologies developed by 
entrepreneurs such as Maudslay, Vhitworth, and Nasmyth in the late 18th 
and early 19th centuries were outstanding In that they introduced new 
classes of machines and tools in which 'skills were embedded. I believe 
it has been shown that the essence of this technology was the 
reproduction of engineering components made to close tolerancesi i. e. 
components finished to pre-determined limits of accuracy. 
Penn(1983) in his analysis of skill in the cotton and engineering 
industries from 1850, also focuses an the question of accuracy as a prime 
factor in the drive for Increasing mechanization andý the eradication of 
the need for skilled craftsmen. The productive emphasis was an 
'... interchangeability of parts rather than perfect accuracy.,,, (p46); 
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This view is shared by Kaox(1986) who argues, I 
'the growth of a system of interchangeable parts made f or greater 
tolerances; hence there was less need for a precise and lasting 
fit ... I (p. 174). 
Penn (1983) and Knox (1986) provide a critical f ocus on the production 
process with their, assertions regarding interchangeability. My analysis 
of Whitworth's work from mid-century has shown the highly significant 
contribution made by him in his attempts to regulate workshop accuracy. 
It seems to me however that they misinterpret a vital interrelation 
between the two concepts of accuracy and interchangeability., Accuracy is 
the essential precondition of interchangeability. which means parts made 
So that they may be substituted for each other without modification. 
There was little chance of interchangeability without precision and a 
recognized set of 'standards'. This was ably demonstrated by Whitworth. 
Evidence from America also points to the significance of this aspect 
of workshop processes. F. V. Taylor in his research at the Bethlehem steel 
plant in the 1880s concentrated the areas of work requiring close 
accuracy into a small department within the workshops, the 
Itoolroom' (Taylor 1906,1911,1912). It was here that non-production 
components were made such as jigs, fixtures. dies, templates, models, 
These and other aids were used to determine and monitor accuracy in 
mass-production in the general workshops. In this way oversight of the 
critical factor of accuracy was removed from general practice and 
strictly controlled by supervisors and management rather than being left 
to the discretion of the artisans (Taylor 1908,1911); Zeitlin(1983). 
However I would argue that Zeitlinle(IQ87) particular position that 
employers did not transform the division of labour in the 'direction of 
Standardization' (p. 173) is not entirely supported by the evidence. 
Although his assertion that there was no breakthrough into a new 
'Taylorist' made, based an the notion of 'scientific management', seems to 
me to be correct, his idea that the traditional employers' strategies of 
work control were merely intensified, states only part of the case. The 
evidence shows - that 'Taylarism, did not manifest itself to any great 
extent in English workshops, but Taylor's metallurgical research and 
development into new cutting tools and techniques of machining metals 
were essential preconditions of innovatory workshop processes and were 
concomitants of standardization(Taylor(1906,1911). Thus the new 
technologies embodied direct control over both the production process and 
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labour; it seems to me implausible to make a separation. Zeitlin(1987) 
however says 
I ... employers in many British industries remained reluctant to assume 
direct control over the production process through the introduction 
of deskilling technology or more systematic management ... '(p. 173). 
Penn and Scattergood (1985) take a different perspective and argue that 
there are dangers in trying to identify changes in skill 'simply at the 
level of employees of a company ... 1(p. 625). This proposition, similar to 
that of Oxhey(1981), raises the issue of generalizable skills as opposed 
to company-specific skills. 
The case of the A. S. E. in the 19th century illustrates the case put 
by these writers here. One of the common practices of the period was that 
of 'tramping', whereby artisans (journeymen) would tramp for work from 
place to place. The local union office supplied details of work available 
in the area on arrival, and the 'skill credentials' of the worker were 
attested by local union members (Hobsbawml974). In this way the 'general' 
engineering craft skills were 'identified' and accredited. To quote 
Zeitlin(1987) on the notion of craft control by unions, he says 
'The very notion of craft control implied the formulation of a set 
of rule3 which reached beyond the individual workplace ... craft unions 
sought to protect the market value of their members' 
skills ... standardizing-working conditions ... to ensure that they 
encountered similar conditions in each workshop ... l(p. 172). 
There is an implication of skill as an Investment in Zeitlin's argument. 
Evidence from T. U. C. sources in the 1860s points to a general concept of 
skill regarded first as an investment, second as a means of 
differentiating the journeyman from the labourer. An assumption frequently 
associated with skill formation was that it was an investment by both 
employers and workers. In terms of human capital theory the most 
efficient training system will be that which allows each participant to 
capture the value of his investment (More 1980, Floud 1985). Another 
assumption in human capital theory is that the employee would receive 
training from the employer in the detailed processes of the trade, and 
would become manually proficient. 
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5.2.0. 
The Nature of Skill and 'Human Ca; itml As Tnvastment'. 
The craf t unions f irst put f orward a conception of skill as 
investment in 1868. During the Congress of that year it was 
unequivocally argued that 'skill and labourl in the working man was his 
'capital' over which the 'employer had no right of interference' ET. U. C. 
18681. In spite of the uncompromising nature of this declaration the 
A. S. E. was not extravagant in its formal claims regarding skilled status. 
It held that its membership was limited to men who were 
possessed of good ability as a workmen, (be) of steady habits, 
good moral character ... I ER. C. an T. U. 1868(b)) 
ISE rules on the definition of engineering-skill were of long-standing, 
but, they do not seem to have been over-rigorous, and were generally 
accompanied by the kind of admonitory qualifications common to unionists. 
Allen, the ASH secretary outlined In 1867 what was deemed by the Society 
to be the social effects of amalgamated unionism on the skilled worker. 
The salient points revolved around the maintenance of status of the 
skilled worker., 
'I think it (the Union) has been a means of decided improvement to 
them in the position and character generally; for we have a 
controlling power over them ... we have the opportunity of dealing 
with them, and we do our best to keep them up to the mark so far as 
regards their position. ' ER. C. on T. U. 1667, Q. 6441 
Another specific, engineering-artisan's view was given by ASH member, 
John Burnett. He argued the engineering craftsman was characterised by 
skill and intelligence, I 
their work (engineers) requires both skill and Intelligence, and 
the best workmen are really scientific artisans, working under 
conditions which require the exercise and very highest faculties of 
brain and hand' (Newcastle Weekly Chronicle, 3 July 1875 - John 
Burnett -A Model Trade Society). 
He later formulated his ideas on artisan exclusiveness in terms of 'skill 
as property', emphasizing the concept of skill as an investment , 
in 
capital, to be protected; the hence need to distance the artisan from the 
unskilled labourer. For him the skilled man was a bearer of economically 
valued capabilities: 
, 
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'Skill is the only property of the artisan ... (it) is in perpetual danger from competitive struggles of society ... the union is his 
only hope of security ... (non-union men) to the common cause 
contribute nothing; an the contrary they hang like a millstone round 
the neck of their more thoughtful and courageous fellows who have 
to make the fight and find the means for all. ' (Burnett, J., 1886, 
p. 18 1. 
In order to attain status an engineering craftsman had to produce proof 
of his ability as a workman before entry to the Society. This was 
attested by fellow-workmen of the candidate who were already Society 
members. In addition he was to be a man of fair moral character, and in 
tolerable health, as minimum levels of social conduct were expected In 
the workshops, commensurate with the status of skilled workers: 
I ... a man shall conduct himself properly while at work, and if he be 
thrown out of employment by reason of misbehaviour, he is 
disentitled to his benefit. ' EBurnett, 1886, p. 161 
In the light of the constraints imposed by employers over areas such as 
machine manning, this was a considerable sanction, as the chances of re- 
employment receded as the worker grew older and labour substitution by 
employers became an increasingly viable proposition. 
The qualifying time for membership of the A. S. E. was five years in 
order that the Society Imay be satisfied that the candidate Is a 
competent workman. ' [R. C. an T. U. 1868(b) Q. 9851. I have previously 
discussed, In this context the notion of the 'aristocracy of labourl (my 
analysis above, Chapter 1, sub-sections 1.6.0 and 1.6.0. It Is clear that 
the conception of skill held by nineteenth century artisans had a broad 
connotation. Not only did it imply high occupational status Vgood 
ability'), but also qualities of moral rectitude Csteady habits'), and 
'influence' as members of a respectable stratum of the working class. 
The differentiation from the unskilled seemed an imperative. George Lowell 
well-known as secretary of the Operative Bricklayers Society and 
Secretary of the London Trades Council (1861-2) emphasized the 
exclusiveness of the artisan groups. lie despised and feared the onset of 
the new unionism which encouraged the Inclusion of inskilled workers; he 
gave I... sincere assurances that he wanted to have nothing to do with the 
dictatorship of the proletariat-' [Quoted in Harrison, R., 1974, p. 981 A 
later. more centralist ASE secretary, Barnes, urged the union to accept 
'specialization and open the union to the less skilled. (Zeitlin (1983: 43). 
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Union sources thus suggest that artisans were separated f ram the 
unskilled both in terms of identifiable workshop skills and the most 
pervasive of Victorian social concepts, respectability. This phenomenon 
was manifested in the life style of artisans, which derived from their 
ability to bargain for a minimum level and regularity of earnings, and 
the, facility to live outside the slums. [Hobsbawn. E. J., 19541 
Vright(1871) observed artisans manifested thrift, sobriety, and 
drive; they were 
I... well-to-do workmen, who own their houses, have shares in 
building societies; men also who, by reason of the 'push' and energy 
which have, as a rule, enabled them to accumulate money or property, 
are among the most influential of their class and with their class. 
(Wright, T., 18711 
Wright condemned aspring labourers; 
'... any clever or ambitious labourer who shows a desire to get out of 
his place ... by attempting to creep into a 'trade' ... is guilty of of a deadly sin, and deserving of the abhorrence of al right-thinking 
members of the craft ... I Mid p. 6). 
'Respectability' was thus highly regarded by artisans and held to be a 
kind of moral attribute, one which also provided a common link beween the 
various skilled trades. Artisan leaders such as Howell (Bricklayers), 
Allen, Burnett (Engineers), and Applegarth of the Carpenters' amalagamated 
union, agreed that craftsmen embodied norms and values which emerged 
from a relatively respectable position in the hierarchy of the capitalist 
social relations of production. 
Their views also show that they considered they had most to lose as 
a result of substitution. Allen in his evidence to the Royal Commission 
an Trades Unions (1887) clearly intended to dissociate his members from 
the ranks of the unskilled. He reaffirmed union opposition to any 
amalgamation with the unskilled when recalling his union's refusal to 
attend the Trades' Conference In London In March 1867, on the grounds 
that 
a large number of what is called the Vorking Men's Association, 
which convened the meeting, do not belong to any trade society at 
all, and we were determined not to identify ourselves with parties 
who do not belong to unions. ' IR. C. an T. U. 1867, Q. 9981 
There seems to be little doubt that historically there had been a marked 
distinction between skilled and unskilled workers, in terns of wage 
differentials, autonomy over work procedure3, control of Iabour including 
apprentices, living standards. (British Labour Extracts (1978), 
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Hobsbawn (1974,1984), Census of Production(1908). At the centre of 
contemporary artisan definitions of skill was their perception of skill 
as a set of learned attributes and attitudes to Job performance, and also 
a socially determined category through which they were differentiated 
from the unskilled, via the apprenticeship system. Penn(1983) reflects 
this model and conceptualizes labour categorization in terns of a 'skilled 
divide'. As he says in his critique of existing accounts of the labour 
process: 
I ... there has been no structural analysis of the extent to which the British working class has been organized around a skilled divide between 
the 1850s and the mid-20th century. nor crucially, of the precise 
chronology of this skilled structure ... I (p. 38). 
5.2.1. 
Criticism of union attitudes to enployer-employee relat Ions' centred 
on the wider, political effects of skilled workers' exclusivity. In an 
early critique, Engels (1889) argued, for example, that working class 
zeal had been sapped by artisan quasi-alliances with the Liberal party; 
promoting a lethargic and undemonstrative sub-stratum, Intent on 
extending and consolidating those attributes of respectability that 
marked them off from the unskilledt 
'The most repulsive thing here Is the bourgeois "respectability" 
which has grown deep into the bones of the workers. The division 
of society into a scale of Innumerable degrees, each recognized 
without question, each with Its own pride but also Its native 
respect for Its "betters" and "superiors", is so old and firmly 
established that the bourgeois still find it pretty easy to get 
their bait accepted. ' (Engels, F., 18891 
Commenting an this aspect of working class life, Xarx hold that the 
accommodation and de-radicalteation of the working class had been 
continuing since 1848. He spoke of the demoralisation of the English 
working class which had 
I.. o got to the point when they were nothing more than the tail of 
the great Liberal party, i. e. the henchmen of the capitalists. ' Marx, 
K., 18781 
He also maintained that artisans were a privileged group, and 
I... an aristocratic minority, excluding the unskilled and enrolling 
in the East End of London one worker In tenA Quoted In Collins, H. 
and Abramsky, C., 1965, p. 511 
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Such criticisms suggest there was a skilled working class obeisance in 
its attitude to -the employers. On the one hand, this perspective seems 
to discount much of what was happening among skilled workers within 
certain sectors of a principal industry of the period, machine tool and 
machinery production, who consistently challenged the employers from the 
1850s. On the other, the criticism appears to add weight to the view 
that skilled workers were not over-concerned with notions of a 'working- 
class' solidarity at this time. As a recent commentary expressed it, 
'The archetypal independent-minded radical working man of the 1860s 
owed allegiance to a personal, not a collective, morality ... (they) 
aspired to an individual ideal in order to show that they were not 
as other men. ' (Shepherd, X., 1978. p. 611 
The fact that unionized, I. e. skilled workers, constituted a small 
proportion of the workforce lends credence to the idea of exclusivity. The 
first T. U. C. meeting of 1868 was itself unrepresentative for It did not 
Include representatives from all 'eligible' unions. It has been argued 
that the Trades Union Congress up to the 1890s was representative of 
little more than half a million skilled workers 
I (Cole, G. D. H. (1937), Roberts (19581. 
Parliamentary Committees rarely took into account the concerns of 
the mass of the unskilled who bad no apprenticeship system and 
demarcation rules to control the f low of applicants for their Jobs. 
(Roberts, B. C., the Trades Union Congress, 1868-1921. London 1958; 
Roberts, B. C. 1951, p. 128). 
5.2.11 
From nid-century engineering employers increasingly recognized the 
potential for resistance embodied in artisan exclusivity. This may be 
seen In the aftermath of the first national engineering strike in 1852. 
The employers insisted that an their return all workers sign a 
declaration that they would not belong to a union (R. C. on,, T. V. 1968(a)]. 
They focused on artisan autonomy perceiving it as a block an efficiency 
and productivity, and as a prime source of organized resistance. The 
union's ability to exercise sanctions over the members was regarded as 
I... an impediment to trade' (R. C. an T. V. 1868(c)]. 
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I believe, other evidence' shows that artisan exclusivity also had 
wider-ranging political consequences for worker solidarity later in the 
century. This skilled/unskilled divide was exploited by the employers in 
the 1890s when they actively encouraged the unskilled, i. e the non- 
unionised, workers to take up skilled postions; and" press for union 
recognition. I shall examine, this aspect in Section Three of my thesis in 
my analysis of the events leading up to and including the Great Strike of 
1897. 
-One of the pragmatic grounds for the employers' case against the 
A. S. E. was that Its restricted membership Increased production costs and 
'weakened the competitive capacity Of the Industry". [R. C. an T. U. 
1868 (c), p. 561 
I believe the evidence shows that despite claims to exclusivity and 
autonomy in the workplace, based on the formal apprenticeship, artisanal 
notions of 'skill as an Investment' were increasingly subsumed by the 
employers' attempts throughout the century to extend their controls over 
the labour process. This was not merely an extension of employers' 
control over the hardware of production, but also a re-shaping of their 
Ideology of production. The ideological changes had important 
Implications regarding technical education and training which seem to me 
to stem from this and need to be addressed in this thesis. 
Employers perceived their domination over new technologies, using 
unskilled workers, as a pre-requisite to their widened hegemony. I have 
previously argued that most new machines. particularly the self-acting or 
automatic, were specifically designed for operation with a minimum of 
skilled labour, not new species of machine requiring more advanced skills, 
In this I take issue with deterministic notions such as Xore(1980) who, 
in his analysis of skill in the 19th century. argues that 
I ... the technology of the industry 
demanded the skilled. all-round 
worker, and the all-purpose lathe which could be switched about to 
different types of production ... (p. 154). 
To a large extent, the implementation of new technologies premised on 
conceptions of skill which were being redefined as part of a new 
production ideology. precluded serious consideration of systematic craft 
training and education. It seems to me therefore that the key to- an 
explanation of the employers' perception of the interdependence of 
technology and work lies in an analysis of the struggles between 
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unionised workers seeking to retain autonomy through the craft 
apprenticeship, and employers, intent an witnessing its demise. 
5.3.0. 
The Rmplnyprs' Cbmllpnza to Artlmmn r-mntr-nl 
over Trade TrainInir 
The challenge to the exclusivity and assumed autonomy of skilled, 
uniontsed labour was formally reasserted by employers at the Inquiry Into 
trades unions In 1867/8. Because of Its place in the traditional practice 
of reproducing skilled labour the apprenticeship system was a prime focus 
of contention. Nasmyth, a leading employer and engineer, in his evidence 
to the Royal Commission derided the appenticeship system as the 
fag end of the old feudal system'. (R. C. on T. U. 1868(c), 
Q. 192011 
At this time he employed 1500 workers (R. C. an T. U. 1868(c) Q. 191371 and 
could be regarded as a representative of , substantial engineering 
employers of the periodm 
The model which was the object of Nasmyth's derision was the 
traditional craft apprenticeship system, dating from the Elizabethan 
Statute of 1563. In terms of the relationship between the development of 
skills and increasing mechanisation and sub-division of labour his 
evaluation was firmly based an the principle of substitution. The logic of 
his and other engineering employers' apparent indifference to the decline 
In the traditional method of craft training, the apprenticeship system, 
becomes more clear if this is recognized. 
He argued that, given the current developments in machine 
technologies, artisan skills were clearly dispensable: 
'When I began to introduce these mechanical contrivances that 
facilitated the production of work, independently of dexterity, 
enabling me to do the work with boys and labourers, I reduced the 
numbers fully one-half (R. C. an T. U. 1868(c), Q. 191381. 
it In my appendix 1,1 analyse the structure of the nineteenth century 
mechanical engineering industry. It may be seen that the industry was 
fragmented, and on average, the company workforce engaged in machine tool 
manufacture was in the region of 650 workers. [Appendix 1, p. ii]. 
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The use of the term 'independent of dexterity' in this context is 
signif icant. It pointed to a reorganisation of engineering work in which 
dependence upon skilled, labour had been superseded by machines operated 
by unskilled workers. - 
I Another leading engineering employer, Beyer, of Beyer, Peacock & Co. 
of Manchester argued in his evidence to the Commission that -the, A. S. E. 
ruling an apprenticeship and the five-year rule was 'degrading'. He 
stated that employers would resist the 'implementation of such rules in 
the workshops'. ER. C. an T. U. 1868(c), Q-188873. 
Other evidence suggests this kind of attitude prevailed throughout 
the period from the 1860s to the 1890s and beyond. Prominent in the 
dispute of the 1890s, for example, were directors the company whose 
representatives also gave evidence at the Inquiries and Commissions 
beginning in the 1860s, one of whom, Robinson, of the Altas engineering 
Company, provides an Illustration of employer attitudes. At the 1868 
inquiry he challenged the A. S. E. over the rationale underlying the 
apprenticeship as a mode of training. ERobinson's company employed about 
1,600 workers at the time]. He particularly questioned the A. S. E. notion 
of the traditional apprenticeship system as creating an area of work 
autonomy for skilled labour. He maintained that limitations an 
apprenticeship conditions 'were an intrusion by union upon management 
prerogatives'. Thus in his company the question of apprenticeship was 
'resolved' by debarring the union from discussions between the company 
and the men. On the crucial issue of limitation of apprentices he stated 
'we have fought a battle with them (the A. S. E. ) and beat them. * ER. C. 
an T. U. 1868(c), Q. 190581 
Regarding the training of young workers, his company evidently used an 
informal method, the operation of which even management seemed to be 
unclear. In reply to the question: 
'(And) you have retained the privilege of educating apprentices to 
any extent you think rightV 
Robinson replied, I 
'So far as we know that is so, but the f oreman sometimes do things 
that we are not cognisant of ... I ER. C. an T. U. 1868(c). Q. 190591 
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53.1. 
It seems to me tberef are that for skilled workers, there was a 
greatly Increased possibility of dequalification and 'downgrading' 
particularly in last decades of the century and which existed in two 
forms. The first was explicit: displacement and even loss of 'employment. 
'In tines of depression the journeymen are generally the first to 
lose their employment as the employer fancies ... I (R. C. on Labour 
1893, Q. 261491 
The second implied a gradual loss of status for the skilled worker: 
'When a man gets to a certain age he is not able to do quite the 
same amount or perhaps class of work. There is a great deal of 
work that be may do, and usefully. but it becomes the interest of 
the employer to get rid of that man altogether, whereas in former 
years he would have been kept an at some class of work, although 
possibly at a reduced wage. ' ER. C. an Labour 1893. Q. 252481 
This suggests that the concept of 'skill' was being redefined both in 
terms of quality of individual performance and skill content of the job. 
What then was the nature of the interaction of new technologies and 
management strategies and the influence on work organization? I have 
argued earlier that new standards of metrology instituted by Whitworth 
embodying the principles of standardisation and Interchangeability were 
highly significant factors In rationalising production based on redefined 
skill requirements. Skills, in terms of engineering workers' technical 
competence to perform generalised functions with accuracy and fluency, 
were radically modified by the use of gauges and templates. diminishing 
the employers' historical dependence upon this aspect of skill. 
Management therefore rearganised engineering craft work through a 
new system of 'quality control' hitherto unavailable, until the research 
on metrology was brought into practice, and which also had the effect of 
changing the balance of the skilled/unskilled ratio in the workshops. The 
employers, perception of skill by the employers altered as technology 
made substitution of skilled labour by the unskilled more viable; thus the 
apprenticeship lost much of its purpose for employers. Engineering 
employer Noble's evidence in 1893 underlines this development and shows 
that the large engineering concerns drew upon partially trained labour, 
paticularly boys, as substitutes for skilled workers. The scale of this 
enterprise nay be gauged by the fact that his company had 15,000 workers 
on Its books, including an Italian subsidiary at Possuoll; and at the time 
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of the 1893 Royal Commission bad a U. K. Workforce of 12-13,000. ER. C. on 
Labour 1893, Q. 252291 
Boys and apprentices were traditionally exempt from strike call, 
thus loble stated: 
"During the last strike we caused our boys to carry on such of our 
machines as could be carried an by moving the apprentices, and 
these apprentices were advanced a little sooner than they would have 
been under ordinary circumstances ... when the strike terminated I 
refused to put back those lads who had advanced and distinguished 
themselves, by putting them back to their old machines, or to their 
old work. In fact their old places had been f illed by new lads ... 
unfortunately ... an immense number of men were lef t without 
employment ... in our works we have somewhere between 
1500 and 2000 
men less than we had before the strike' ER. C. an Labour, 1893, 
Q. 252171 
Clearly, the immediate issue here, the enforced unemployment of between 
1500 and 2000 workers, demonstrated the relatively weak position of 
workers in a system of power relations In which employers had a reserve 
pool of labour, and control over new technologies. 
Another employer distinguished between 'apprentices' who were sons 
of farmers, 'or people of that class'. who were taught a trade I... as well 
as we can'; (R. C. on Labour 1893, Q. 257771 and those who were I... ordinary 
workmens' sons, what we call boys. The boys are moved Into different 
departments, i. e. provided they will show themselves anxious to learn, 
they are moved forward in two or more shops. ' (R. C. an Labour 18931. The 
concept of boy labour, as distinct from 'bound' apprentice, characteristic 
of the traditional 'master-pupil' relationship, therefore, seems to have 
gained more currency with employers as expanded technology came into 
production. 
This form of reductionism. may be illustrated by Noble's reference to 
the Vm- Armstrong company in which most of the apprentices were not 
bound: 
'We take boys as boys, first they go to small machines, If they are 
found, competent they are advanced to be apprentices ... if you put 
them to the proper class of work they nre unquentinnoOnly chenpor, ' 
(R. C. an Labour, 1893 Qs 25217,252181 (my emphasis). 
The evidence has shown, the artisans' case f or a retention of the craf t 
apprenticeship was weakened by the employers' success In the 1852 strike 
and their subsequent insistence that new technologies should be no longer 
dependent upon protracted training characteristic of the traditional 
apprenticeship system. In effect the artisans' workshop autonomy was 
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clearly undermined by pressure f ram new technologies and the Increasing 
volume of non-artisan labour operating new classes of machines. 
In the course of the employers' effective rebuttal of the A. S. E. 
defence of the apprenticeship system the influx of untrained workers, 
with no tradition of militancy, not only altered the division of labour 
but also affected power relations In the engineering industry. 
- Zettlin(1985) sees such a process throughout the latter part of the 
century as a serial development having Its origin In employer-employee 
conflicts: 
'The division of labour which prevailed In most engineering 
workshops during the second half of the 19th century was itself the 
product of a prior wave of technical change and industrial conflict 
during the 1840s and 1850s ... (that) night result in the eventual 
elimination of skilled craftsmen as a significant component of the 
engineering workforce (pp. 198,199). 
One of the direct effects of the conflicts was the almost total 
abandonment of a training period of 'apprenticeship. ' Being no longer 
controlled by statute, the situation was formalised as a result of the 
Terms of Settlement which concluded the Great Strike of, 1697/8 and were 
ratified In 1907. These Terms Imposed conditions which clearly diluted 
any attempt by the unions to restrict the number of "apprentices" that 
might be employed as a proportion of journeymen In mechanical 
engineering. I 
As Zeitlin(1985) holds, despite its defeat in 1852 the A. S. E. sought 
to enforce an informal ratio of apprentices to Journeymen of 1: 40 but in 
parts of the country it reached 8: 1 and there, 
'-was an accelerated subversion of apprenticeship into a form of 
cheap labour ... l(pp. 202/3). 
The Children's Commission revealed that In 1804 a well-established 
routine of child labour was operating In the factories. continuing a 
decline in indentured and premium apprenticeships which lasted well Into 
the next century. One of the largest companies In England, Xessrs Platt 
Bros of Oldham, with 430 workers under 18 years of age, and 95 under 13, 
in its evidence to the Commission argued. 
0 ... we like them to be 12 years old ... but many are brought at 11 ... they 
earn 3/6d per week-mone, are apPrentIcOld ... 1(p23) My emphasis). 
A submission by an engineering firm an the North-East coast in 1915 
highlighted a related social factor. This showed that same employers 
used the non-binding agreement as a disciplinary measure: 'The unbound 
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apprentice is more amenable to discipline'. The employer was in a 
position to discharge the young worker without fear of redress through 
the breaking of a covenant: 
'We may explain ... that the apprentices are not indentured and no 
written agreement is come to... ' EH. M. S. O. 1915, p-551 
Another inquiry noted that unapprenticed learners obtained by promotion 
from adult unskilled labour were found in relatively greater , numbers in 
large machine shops with highly specialised or self-acting machinery. 
EH. M. S. O. 1915, p. 571 It Is clear that by the first decades of the 
twentieth century the ranks of journeymen were being constantly recruited 
from those who received an irregular training. ER. C. on Poor Laws, 1909, 
p. 241](H. M. S. D. 1928, p. 12) 
Recent analyses, for example McIvor (1984) and McKinlay(1986)o, have 
focused on the interpenetration of control of work and the, changing 
structure of trade training, which the evidence from this period has 
highlighted. 
McIvor(1984) has rightly argued in my view that the workers' lack 
of immunity to replacement stemmed from the employers' control of new 
technologies and their ability to rationalise production against skilled 
workers' resistance in pursuit of a new production ideology: 
'This lack of immunity of skilled personnel to replacement In 
strikes can be partially explained by the ferocity of the employers' 
counter-attack in the 1890s and partly by the penetration of 
essentially de-skilling technology and new management 
techniques ... 1(p. 16). 
McKinlay highlights the breakup of the traditional 'artisan-learner' 
situation which characterized late 18th and early l9th century trade 
practices. He says: 
'The cumulative effects of mechanisation. skill fragmentation and 
increased managerial interest in work organisation was to divest the 
relationship between "master" and apprentice of much of its former 
moral obligations so that it corresponded more closely to the 
instrumentalism of an employer- employee reltionshipl)(p. 3). 
There Is support for the 19th ASE view that boy labour was often used by 
employers to ameliorate the effects of strike action by skilled men. It 
was also clearly used as a lever to gain more purchase in attempts in the 
longer-term aim of labour substitution in machine manning: 
'I have known at one time. while all the machines were occupied at 
one particular factory ... at least 300 or 400 boys were on the books waiting f or their turn to get in. and when we were an strike 
they took these boys in all at ones. ' (R. C. on Labour, 1893, Q. 23235) 
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This evidence shows that some of the leading engineering employers 
subverted the apprenticeship into a form of cheap labour. Same imposed 
carte blanche the new production ideology on the workers, suggesting the 
absence or disregard of any legal restraints. 
5.4.0 
The law of apprenticeship in England reflected its traditional 
character. It was based, in the main, an the paternal or fiduciary 
character of the relationship existing between employer and apprentice, 
and also an the apprentice's status as a minor. [H. K. S. 0(1928 p. 19). 
This paternal character is revealed in the written indenture, common 
In the traditional pattern of apprenticeship, under_which the 'master' 
exercised a wide responsibility, beyond trade training. 
' The said (company) will at all times during the said term provide 
for the apprentice board, lodging, clothing, and all other 
necessaries ... I (Indenture, 19 04). 
The statutory requirements of such covenants were generally recognized as 
binding at Common Law. The rule under Common Law that contracts made by 
an infant were voidable at his OPUOno i. e. were enforceable by but not 
against him, was waived in the case of the contract of apprenticeship. 
This implied that it was binding an the young worker. (H. M. S. 0.1928, p. 18). 
Vhere there was an agreement by an employer to teach an apprentice, 
as in traditional written arrangements, the evidence has suggested that 
employers protected themselves with various strategies. They often 
repudiated the concept of the 'bound' apprentice which was frequently 
revoked and boy-labour substituted under oral agreements(R. C. on Labour 
1893). The ASE-EEF agreement in 1907 provides an illustration of how 
employers could by-pass obligations. The agreement stated: 
An apprentice shall be afforded facilities for acquiring a 
practical knowledge of the branch of trade he adopts, and shall be 
encouraged to obtain a theoretical knowledge thereof mn far An 
c1rcunstane-An permit) ((ASE-EEF Agreement 1907) EMy emphasis (my 
appendix 2 (b)). 
Clearly the wording of this condition allowed a loop-hole for any 
employer to exploit when 'circumstances' were unfavourable. 
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Evidence from T. U. C. sources shows that what remained of legal 
sanctions failed to deter employers intent on circumventing statutory 
obligations relating to apprenticeship. It was argued at the 1880 
Congress that some form of statutory obligation. approximating to the old 
statutes might be reintroduced (appendix 14 outlines this background). A 
motion was passed proposing that 
I... parents should be able to sustain an action in a court of law 
for the non-performance of the covenants of an indenture, the 
failure to instruct the apprentice in the mysteries of his trade 
being a breach of the covenants. IT. U. C. Report 18801 
In 1682, the T. U. C. reiterated the view that there was both a local and 
more general need for the reorganisation of a conventional apprenticeship 
model of craft training. They argued 
I... it is to be deeply regretted that a growing tendency exists in 
many trades to discourage the employment of indentured apprentices, 
thereby deteriorating the quality of skilled labour and Inflicting 
serious damage upon our industrial progress'. (T. U. C. Report 18821 
Shortly before this, during a House of Commons debate, a notion was put 
calling for legal sanctions covering the employer-apprentice relationship: 
'The law of apprenticeship must be amended and employers must be 
made responsible for the fulfilment of the contracts entered into by 
them when they took apprentices into their firms ... Apprenticeso not 
uncommonly, were employed in unskilled labour in order to save 
grown up labour. 1 Mansard, 1881, col. 5461 
The increasing specialisation of craft skills In production to which I 
referred In my earlier analysis (above, chapters 1,21 and 3) was being 
brought about. I identified two main contributory factors: the drive for 
cheaper production, with new technology using unskilled labour and 
increasing use of a premium system of wage payment. This development 
prompted criticism during the 1881 Commons debate, where it was put that 
there was a tacit if not direct, relationship between a decline in skilled 
craftsmanship and the seeking of more profits: 
'We have gone in too much for cheapness at the cost of quality, and 
that had tended very much to degrade our handicraft skill ... the 
apprenticeship has broken down here ... (and) cannot much longer be 
maintained. ' Mansard, 1881. cols. 527,537). 
The Interest shown by the House of Commons on this occasion, served to 
highlight the inertia associated with attempts to challenge 
. 
the 
prevailing economic short-ternism of the Victorian period. Parliamentary 
reports show that the debates an this subject were Initiated in 1868 but 
were fragmentary; between 1884 and the passing of the Technical 
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Instruction 'of 1889. there were seven attempts to pass a Bill an the 
subJect of 'technical education'. 
However, the evidence shows that as a general concept the 
apprenticeship system was virtually inoperative by the last two decades 
of the nineteenth century. The repeal of the Act in 1814 controlling the 
training of craft, apprentices clearly underpinned the engineering 
employers' 'attitudes concerning the definition and implementation of 
skills. -They increasingly adopted a more laissez-faire attitude to the 
conditions governing the employment and training of young workers, 
consolidating-a process which had begun much earlier in the century. 
5.4.1. 
The Cnncppt nf the Fran Contract lt ApprentlepnhIll 
thp Polftlnlýmtlnn mf Apprettlees, 
I have examined some of the legal aspects relating to 
apprenticeships above in appendices 14 and 14(b). At this point I refer 
to the notion of being 'bound' as an apprentice as one which entailed a 
legal and moral obligation on the part of an employer to teach a young 
person a specific trade, for a set number of years, formerly, on payment 
of a premium. 'Boy-labourl carried no such obligation for employers. 
During the critical period both leading up to and following the E. E. F. - 
A. S. E. confrontation of 1897 the traditional patterns of trade training 
were being gradually weakened by employers either through deliberate 
obstruction or through omission. Accelerated changes In the character of 
the apprenticeship model of training were a product of the interaction 
between increasing mechanisation and more substantive employer control 
over the labour process, plus the constraints imposed upon engineering 
artisans after the 1852 and 1898 settlements (my appendices 2,2(a), and 
2 (b)) It became a 'free contract' differing in essential features from 
the traditional mode of apprenticeship agreements. As Knox(1986)put 'it 
'... the relationship was one of *mutual agreement", with the employer 
enjoying the right to dispense with apprentices in slack periods and 
the latter being allowed to "turn over" for better pay ... It signalled the emergence of the proletarian apprentice by removing his social- 
legal status ... I (p. 172). 
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The question of nomenclature appears superficial, for both T. V. C. -and 
E. E. F. sources show that as a-consequence of the "free" contract, young 
workers were engaged under various labels, one of which was loosely 
termed 'apprentice'. This suggests a convenient designation for it did 
not necessarily imply a regulated period of systematic training. This, was 
revealed as early as 1864-, in the Children' Employment Commission (1864). 
This showed, for example, that nana of the "Achime makers in its Inquia 
had formal apprentir! AnhIp azrPPmPntn. One employer summed up the 
situation thus: 
I ... apprentices ... (are not), legally bound to us, that practice is-, now 
rare inI the trade, but the name is still maintained whenever the 
lads are being taught any process that involves using their hands, 
except as common labourers. and results in skilled as opposed to 
working with a self-acting machine ... '[Thomas Heatherington of the 
Heatherington Machine Company], (Children's 1864 Commission). 
By 1894 it was reported that the old system of apprenticeship had 
$almost died out', and that, in certain industries such as some branches 
of engineering, 
I... lads, though not indentured are still *for all practical 
purposes", apprentices, but it is a very loose system at present ... 
and there is no guarantee either that the lads shall serve f or a 
proper period, or that, during that period, they shall be properly 
Instructed. ' EEvidence submitted to the R. C. on Labour, 18941 
In trades where boys' labour was found to be relatively more expensive 
than men's due to their lack of familiarity with machines and 
inexperience In certain processses, there was a tendency to do without 
apprentices altogether, or to conf ine their training to certain 
specialised areas of work. Other sectors of industry revealed an 
opposing tendency. the over- recruitment and exploitation of bay labour. 
In either case a constant factor may be distinguished, the abrogation of 
responsibility by employers to educate and train apprentices and young- 
workers in various trades. This was highlighted by the 1894 and 
subsequent inquiries, and referred to 
'This absence of responsibility on the part of employers as to the 
instruction of the lads in their employ, combined with the fact of 
the excessive numbers of apprentices (in some cases "the very 
foremen do not know how many apprentices there are"), results, in a 
lowering of the standard of efficiency. ' ER. C. on Labour (1894), R. C. 
an Poor Laws (1909), H. X. S. O. (1915)] 
Engineering employers such as lasmyth, Robinson, and Noble whose 
evidence to the public inquiries I have discussed above, intent an 
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dequalifying skilled labour, used the 'free contract' to draw non- 
unionised labourers into machine manning. Two related developments may 
thus- be noted., a)-unskilled labour was increasingly, used to man new 
classes of machines; b) power relations In the workshops, - based an the 
historical artisan- labourer ("helper") structure and the employers, were 
radically altered. Labourers were no longer perceived by the employers 
solely as 'helpers' but, more significantly, as potential machine tenders. 
The social relations between artisans and labourers consequently changed; 
and the labourer was seen as a threat to the status of the journeyman, 
whose continued existence depended so crucially on the apprenticeship 
system or some system approximating to it. The fears expressed by union 
officials such as Allen and Burnett of the ASE seem to have been 
Justified by the course of events. These changes were central to the 
ideology of control based on a principle of what I termed substitution, 
later known as 'craft dilution'. 
It seems to me that the changing properties of the apprenticeship 
system involving ýa new concept of the 'free contract' were more than 
labels of convenience but constituted important structural devices for 
engineering employers. The traditional 'master-pupil' relationship was 
substantially broken. The evidence from employers regarding 
apprenticeship suggests that its deregulation was perceived by them as 
the key to their struggles with the artisans. As Mckinley(1983) notes, 
for example, the employers' refusal to permit union regulation of the 
skilled labour supply through the operation of a fixed apprentice- 
Journeyman ratio was 
... an integral element of the managerial prerogatives they defended in the Lock-outs of 1852 and 1897 ... (and) (1922) 1 (p. D. 
Apprentices may thus be seen as acquiring a political role in the 
social relations of production. Knox(1986) argues they became an 
important bargaining factor in disputes: 
'Changing technologies not only specialized the labour of the 
apprentice ... but they also enhanced 
his strategic Importance in the 
occupational structure of the industry.. ' (p. 179), 
Employers were by-passing the traditional agreements an apprenticeship, 
and employing young workers both as substitute labour and as a counter 
to artisan workshop power, as the evidence shows. The politicization of 
apprentices radicalized the relation between work and technology. and 
restructured the interrelation between apprentices. skilled workerso and 
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employers. The basis of power relations in the Industry also changed to a 
new level beyond economic considerations, evidence of which emerged 
strongly in the strike and lockout of 1897, It seems to me that the 
political character of the relations of production Is often unrecognized 
by writers on apprenticeship in the period. In this respect, Penn(1983) 
seems to characterize a common non-political' approach. -His view'is' that 
the introduction of more semi-skilled labour was 'far more serious than 
the four major issues of 'systematic overtime% 'piece work', 'apprentices', 
and 'illegal menl(p. 47). I find this fragmentary for it falls to locate 
the issue of substitution in its soclo-political context. 
Unlike the semi-skilled with no tradition of resistance to work 
reorganization by employers, primarily because they were non-unionized, 
the fulcrum of the skilled workers' long-standing struggle, i. e. from 
1852. was the defence of the apprenticeship. Resistance to work re- 
organization came from skilled workers; nations of Isezi-skill'. 'illegal* 
men, derived from the concept of 'skill', which traditionally depended on 
a formal institution, the craft apprenticeship. 
The history of the apprenticeship from mid-century is also the 
history of the skilled workers' struggle to maintain traditional power 
relations in the workshops; it thus has a significant political dimension. 
One of the few writers to acknowledge this aspect is Price(1983) who 
says$ 
0 ... unlike the semi-skilled, the key problem for the skilled was the 
challenge to the traditions of resistance they had erected since 
the 1850s ... I (P. 68). 
With'the repeal of the Statute of Apprentices is seems clear that 
the employers' control over the labour process grew in inverse relation 
to the strength of the apprenticeship. 
- 1, 
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5.5.0. 
The evidence has shown that some substantial employers had 
disregarded the traditional agreements on apprenticeship from about the 
middle of the l9th century, and in some cases even before that, the 
Repeal of the Statute of Apprentices In 1816 being the crucial date In 
this respect. The implementation of new machines, although generally ad 
hoc, became a significant factor in the transformation of work, 
paralleling redefinitions of traditional skills. It plainly specialized the 
workshop tasks of young workers: 
"Apprentices ... are very frequently working on classes of work 
which they are not fully qualified to perform ... in many Instances 
they are kept upon particular classes of work, and they do not 
become generally acquainted with all the details of the trade ... as 
a result those apprentices turn out rather Inferior workmen. (R. C. 
on Depression of Trade, 18851 
In the light of this kind of evidence it Is difficult to support the views 
of writers such as More(1980), Hobsbawm(1984) and Buchanan(1980) 
regarding the sur vival of the apprenticeship. Xore argues, for example, 
that employers favoured the continuation of the apprenticeship because it 
was a cheap and effective form of reproducing manual skills(p. 219). But, 
he holds 
I ... there is no evidence that there was widespread exploitation of 
apprentices in the sense of using them as cheap labour.. I(p. 84). 
From Xore's position it seems that the apprenticeship, rather than being 
In decline, retained much of Its traditional skill-acquiring 
characteristic to the extent that he perceives it as an alternative to 
technical education. Employers, he argues, were reluctant to support 
technical education, for unlike the apprentice system, there was no 
guarantee of a 'payback' for their investment in training, I ... unless they 
were paternalistic or highly specialized organizations ... '(p. 219). Drawing 
upon human capital theory, he also argues that there is prima facie 
evidence that there was no decline In apprenticeship as a means of 
acquiring skill. The apprenticeship survived 
I ... where it could earn the apprentice a decent return an his initial investment, which he made by forgoing the higher wages earnable as 
a juvenile in other trades ... l(loc-cit. ). 
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I view this position ýas unrealistic since It, assumes that the kind of 
young workers who were the subject of the Inquiry In 1864 (The Children's 
Commission), for example, were sufficiently informed and capable of 
making economically rational choices in terms of opportunity cost. There 
seems to be little evidence of lenskilling'. the raising of levels of skill 
due to the implementation of advanced machinery, as implied by More's 
thesis. As McGuffie(1986) argues in his critique of More(1980), knowledge 
and intelligence for most engineering groups were not rising, but were 
being 
'specialized aid fragmented on one hand, and on the other, 
recomposed and subordinated to a managerial hierarchy ... l(p. 143). 
Buchanan(1988) adopts a different perspective and argues the 
apprenticeship provided a pragmatic means of fulfilling the need for 
$professional recruits' (p. 43). Buchnanan here seems to use an alternative 
definition of apprenticeship, one relating to the practical training for 
professional engineers as opposed'' to the acquiring of manual skills for 
arisan work in the factory. But the essence of his model, however, is that 
the traditional mode of craft learning survived the century, Invalidating 
criticisms, he says, of 
... authors ... giving Insufficient weight to the strength of the traditional modes of Instruction through apprenticeship and 
pupillage ... I(P-59). 
Hobsbawm(1984) argues that the specialization of labour and the 
introduction of new technologies Ilargely failed' to displace skilled 
workers from their privileged positions (p. 356). Thus by 1914,60 per cent 
of the workforce of the E. E. F. were still regarded as skilled (p. 367). 
This raises the issue of skill perceived as an identifiable ability 
acquired through training and instruction or as a socially constructed 
'label' used to distinguish certain grades of workers from others. 
In another, related, perspective, Nckinlay(1980) , suggests 
that 
apprenticeship also implied a 'rite of passage', a pattern of socialization 
into the ethics of the craft community. This, he argues, was not entirely 
disrupted because, 
I ... skilled , workers remained 
almost completely responsible, 
-, 
for 
teaching apprentices *the mysteries of the tradell(p. 4) 
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A similar rationale for the survival of the apprenticeship is found in 
Knox(1988). He also focuses on the importance of the element of 'craft 
mystery' in trade training, suggesting that it formed an indispensable 
part of artisan development: 
'The element of "craft mystery" was still In many trades a tangible 
factor in the production process, giving the tradesman a measure of 
craft control ... 1(p. 173). 
The evidence shows that both the form and content of the traditional 
apprenticeship had been radically transformed: The artisan machinist's 
role was clearly modified by the Implementation of new technologies, as 
the evidence of Nasnyth, Noble and Robinson confirms. I believe the 
essence of new technologies developed from the 1850s was the stripping 
away of much of the 'mystery' surrounding manual and machine skills. Of 
particular significance in this respect was Whitworth's research which 
centred an what he regarded as one of the 'mysteries' of the trade, 
control over measurement. His gauges and methods of narrowing tolerances 
were specifically designed to eradicate discretion over sizes of work by 
individual workers. ( Whitworth 1854ol858,1878). 
)IcGuffie(1986) commenting an this feature of engineering production, 
says , 
I ... though in both old and new methods, eight and touch were used by the worker, (later) ... the ultimate standard was not the worker's Judgement of divisions on a rule, but rather the precise 
dimensions ... I(p. 153). 
An important source of evidence regarding the nature of the changing 
apprenticeship pattern is to be found in the first major study by a 
metropolitan authority - London. I shall examine this In the next sub- 
section. 
5.6.0. 
The tondmn RmInyers! A Cane Studyi Sldne%y Vphh 
and thp t. mnamn Cnunty Cinuncil Technical Rducatimn rnmrajttj%p 
By the late 19th century the process of skill substitution had become 
a significant factor affecting general employer attitudes regarding labour 
control and the traditional apprenticeship system in engineering. Sidney 
Vebb, chairman of the London County Council Technical Education 
Committee, commissioned the first major study Into the provision of 
technical education In London. A report was published in 1897 after 
-149- 
extensive research by a Committee member, Llewellyn Smith. It has -- been 
widely quoted as being the first comprehensive study of technical 
education carried out by a metropolitan area. 
The findings of a further London County Council report in 1906 
offers evidence in support of the general conclusions of the first survey. 
In the main, employers had abrogated their responsibility with respect to 
the training of young workers in skilled trades. It was reported 'that the 
old system of indentured apprenticeship had for many years been falling 
into decay, 
I ... In the majority of the industries it has almost entirely 
disappeared. ' EL. C. C. Report 19061 
From this report Webb was to argue that many London employers not only 
refused to teach apprentices, even for premiums - they often refused to 
have boys an those parts of their establishments in which anything could 
be learnt. This practice, according to Webb, was coincident with the 
increasing scale of engineering enterprises which discouraged the master- 
apprentices relationship. As Webb expressed it, 
I... the village blacksmith can take an apprentice, but a large 
engineering firm does not take anything like a proportionate number 
of apprentices. ' ER. C. on Poor Laws (1909) Q. 93031,930351 
The L. C. C. reports considered the sub-division of labour, the introduction 
of 'machinery'; and the development of mammoth factories as contributory 
factors in apprenticeship decline. It Is not clear in the report what kind 
or species of machinery is referred to - for the purpose of this 
illustration it may be assumed that the reference is to machines 
embodying self-acting, devices and automatic principles based on the 
machine tool concepts I have analysed above. These factors, the Reports 
argued, tended to reader the old practices of apprenticeship either 
undesirable or Impracticable. 
'The large employer does not care to be troubled with boys If he is 
compelled to teach them the whole trade. He prefers to divide his 
processes into menes. work and boys' work, and to keep each grade to 
its allotted routine. ' [L. C. C. Report 1906, p. 11 
It was further argued that employer reticence over the traditional craft 
training processes was well established by the first decade of the 
twentieth century. The routinisatiOn of the labour process based primarily 
on advanced machinery in the engineering and allied trades thus seems to 
have proved a disincentive to employers regarding apprenticeships. The 
advantages to the employers of using bay labour rather than apprentices 
outweighed the incentives to be derived in the form of grants from 
outside agencies. Data show that the aggregate of endowed charities that 
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might be employed in apprenticing children was nearly t24,000, of which 
not =are than, one third had been used for that purpose. It was contended 
that the trustees of the charities had considerable difficulties in their 
attempts to revive the apprenticeship system in London. (L. C. C. Report 
1906) 
The case of the London employers is significant in my view. 
Statistical returns of children, young persons and adults working in 
factories and workshops, in 1904, indicate that of the total industrial 
population of England and Vales, thus employed, London contained one- 
seventh. The proportion of children entering any form of skilled 
training at this time was about one-third. The remainder drifted into 
unskilled occupations. (L. C. C. Report, 1909, p. 415; London Statistics, Vol 
xviii, quoted in The Economic Journal, Sep. 1909, p. 4081. 
The number of boys covered by L. C. C. returns was 8758, of which 27.1 
per cent entered occupations categorised as skilled; and 64.2 per cent 
entered unskilled occupation. Just under 3.8 per cent were reported as 
having 'higher education'. (L. C. C. Report, 19091 A further 2028 boys 
included In the census were returned under' non-provided'. Of these 34.7 
per cent entered skilled jobs, 83 per cent unskilled, while 2.3 per cent 
were returned as entering higher education. The total for this survey of 
boys shows that of 10,784 boys, 28.5 per cent and 67.9 per cent entered 
skilled and unskilled job respectively. Those entering higher education 
averaged 3.6 per cent. 
Findings based on more general research for the same period in the 
U. K. confirmed that there was a regular drift by young workers into the 
low-skilled labour market. In the case of London the trend was attributed 
to the enormous growth of the city as a distributive centre. A Royal 
Commission put the level of drift at between 70 per cent and 80 per cent 
of boys leaving elementary schools entered unskilled occupation, ER. C. an 
Poor Laws, 1909, para. 1361. 
London presented innumerable 'dead-end' openings for errand boys, 
milk boys, office and shop boys, bookstall boys, van, lorry boys, street 
sellers. 
'In nearly all these occupations the training received leads to 
nothing; and the occupations themselves are, ... destructive to 
healthy development, owing to long hours, long periods of standing, 
walking, or mere waiting, and. morally, are wholly demoralising., 
(R. C. on Poor Laws l9og, para. 1371 
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The majority report of the Royal Commission on the Poor Laws noted that 
In addition to the 'blind alley' labour of boys in the streets as 
messengers and errand boys, as noted above, there was systematic 
exploitation within the factories where they were taken on as Oprocess 
workers": 
They were I... put to machinery, and. while becoming expert In one 
operation, learn nothing of the fundamental principles of the trades 
in which they are engaged. ' ER. C. an Poor Laws, para. 5901 
The Poor Laws Commission of 1909 implied that some employers of child 
labour were exploitative in character and '... get more than they ought of 
the physical and moral capital of the rising generation. ' (R. C. an Poor 
Laws, para. 5453 
The interaction between the patterns of recruitment of. boy labour 
and the growing exploitative character of the productive process, was 
again reiterated in a minority report of the Poor Laws Commission. This 
put the view that a mass of unemployment was continually being sustained 
by 
a stream of young men from industries which rely upon unskilled 
boy labour, and turn it adrift at manhood without any general or 
special industrial qualification ... I (R. C. an Poor Laws, 19091 
Clearly there were sectors of the economy of an exploitative character, 
to which many young workers were drawn, particularly In metropolitan 
areas. Three features may be distinguished as relevant to my analysis. 
First, without apprenticeship into trades, but attracted by relatively 
high wages, boys often remained as unskilled labour until they were too 
old to enter any other regular occupation. Second, if this tendency is 
put against the work-life expectancy of the time it becomes highly 
significant. It has been argued. for example, that in 1894 the average 
age at death for manual workers was 45 years. The number which, 
according to union sources, continued at work after that age was so 
trif ling that it was argued that for practical purposes, there were no 
men available after 45. EInglis, J., 1894, p. 71. Taking twenty-two as the 
age at which a journeyman's life began, the duration of his working life 
would therefore be taken as twenty-three years. Third, the availability of 
a mass of undifferentiated young labour, unprotected by bound agreements, 
proved a disincentive to ' employers regarding apprenticeships. This 
represented an almost total collapse of the apprenticeship system in the 
Capital, and signalled a corresponding disregard for technical education. 
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5.7.0. 
Suminnry Pind Discussinti! Emplnyer Attitude-- to Appranticeablil 
After the 1897 Strike 
The evidence, particularly from' official sources, reveals a general 
criticism of employers regarding the apprenticeship system: The Childrens 
Commission of 1864, Inquiry Into Trades Unions in 1867, the 1886 Inquiry 
into the Depression of Trade, the 1893 Poor Laws Commision, and the 1894 
Royal Commission; as well as criticisms arising out of the direct 
challenge to their ideology from specific unions. 
In the case of engineering the evidence has also shown that there 
was a clear conflict of interest between the A. S. E. and engineering 
employers regarding the training and education of young workers. On the 
question of the apprentice-journeymen ratio Inglis(1894) deduces a ratio 
in the order of 3-4 per cent. Figures from EEF sources f or the turn of 
the century show for the Federation as a whole. the following proportion 
of apprentices to journeymen. Fitters 12.17 per cent; turners 5.88 per 
cent; planers , borers and slotters 0.412 per cent; smiths 45.5 per cent 
GEF Minutes 1906). At a corporate level the engineering employers were 
expressing concern over the apprentice situation, their minutes for 1903 
and 1904 stated: 
'... (the Committee have directed that the combined attention of the 
members be drawn to the great importance of training apprentices 
, and of maintaining an adequate proportion 
to the number of men 
employed ... I(BEf Minutes 1903/1904) 
There were clear disparities between concerns expressed at a corporate 
level and what was happening In the workshop. The evidence I have 
examined above shows the conflicts between engineering employers and 
workers an the subject of apprenticeships turned chiefly on the question 
of who was going to man the new machines; and on the more general Issues 
of limiting the number of 'apprentices' In the trade. These issues were 
also the focus of the 1881-4 Inquiry specifically Instituted to examine 
provision for a national system of technical education. This was 'the 
f irst of its kind. I shall examine this Inquiry in detail in Section 
Three. 
After the 1897 dispute the engineering employers, acting' as a 
federated body, continued to modify the conditions governing the 
apprenticeship. This may be seen as one of a number of strategies 
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developed by engineering employers to consolidate their control of the 
labour process. 
Cronin(1987) has argued that during the course of the 19th century 
employers became more adept at devising new methods of labour control: 
I ... the employers' side took the initiative In evolving new forms of 
organization with which to prosecute their aims ... engineering 
employers gave the lead in organized strike breaking ... (P162). 
Of particular importance was their ablility to minimize the effects of 
strike action by militant artisans; the politicization of apprentices 
being highly significant in this regard. The evidence has, shown that 
enlarged employer controls and modifications of the apprenticeship acted 
against, the long-term interests of skilled workers. The implementation of 
late 19th century changes in technology or management did little to 
advantage artisans or apprentices, and clearly worsened the relations 
between the skilled and the unskilled workers. - 
Traditional legal 
restraints governing apprentice- employer relations were so diluted as to 
be meaningless, strengthening employer controls over skill definitions 
and the employment of boy labour and machine manning. 
The decline in apprenticeship was uneven and the Charity 
Commissioners annual report of 1897 shows that vestiges of the old 
system remained in twenty-seven engineering trades (PRO files 18971. Oil 
the other hand, the evidence I have produced demonstrates that as a 
general concept the apprenticeship system was in rapid decline, 
particularly in London; and craft training was no longer perceived In 
terms of an historical 'master-pupil* relationship. Thus, Noble, 
director of one of the largest engineering concerts of the country, was 
able to argue in 1904, that due to their employment policy, which, the 
evidence shows, meant the employment of cheap, Idefranchised. 1 boy labour, 
It was possible to maintain production of his Elswick works during the 
1897/8 dispute. This was carried through with no less than 10,000 men, _ 
I ... while nearly all the engineering works 
in Newcastle were stopped 
... we had ... hundreds of machines at work ... and at riot one mf 
these mmnhinen was -thPrP a 
turner or m hlzh elmss nachina-man 
emplnyed-1 ER. C. on Trade Disputes, 1906, Q. 24151 EXy emphasis), . 
Noble's evidence to the earlier 1893 commission has been referred to 
above (R. C. on Labour, 1893, Q. 252171, and from this it is clear that the 
policy of his company was to employ, as far as possible, boy labour as 
opposed to bound apprentices. The consequences of this policy were 
threefold: a) machines were increasingly manned with unapprenticed 
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labour, b) skilled labour resistance was circumvented, c) the - re- 
definition of "apprenticeship" was altered to foster the aims of 
management rather than labour. This represented three of the clauses of 
the 1898 Terms of Settlement, following the 1897/8 conflict, which 
directly confronted the principle regarding apprenticeship put forward by 
the Amalgamated Society of Engineers. This principle held that tradesmen 
maintained areas of autonomy over methods and pace of work through' a 
structured craft apprenticeship system, or a system approximating to It. 
Clearly large employers such as Roble, and Armstrong had successfully 
challenged the unions over this issue. Such evidence strongly suggests 
that the traditional mode of craft training, the apprenticeship system, 
had been allowed to languish from the 1850S. 
I have attempted to show in this chapter that, against the 
background of increasing employer control over the organisation of work, 
there was a decline in the historical form of trade training and a 
corresponding redefinition of craft skill. This decline reflected the 
employers' Increasing dominance over the total labour process: Any 
ideology or traditional practice perceived by them as challenging their 
hegemonic control over the disposition of labour power and machines was 
vigorously confronted. It has thus been my argument that the decline of 
the apprenticeship system has to be seen against a background of 
struggles over power Industrial relations and attendant political 
considerations. 
In Section Three I seek to extend this argument by showing how 
this aspect of the employers' strategies of control related more 
concretely to the development of technical education. I believe the 
evidence shows, first, that the Technical Instruction Act of 1889, the 
first piece of legislation specifically designed to promote some form of 
national technical education, made little Impact an employers in the 
engineering industry, who resisted ideas or initiatives which they 
perceived to be contrary to their ideology of production. This situation 
was crystallized in the 1897 confrontation in the engineering industry, 
the effects of which lasted well into the next century. For example, 
H. A. L. Fisher, responsible for the 1918 Education Act, argued that 
industries 
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I... have done little towards helping to Improve the system of 
training, while they have offered no adequate reward to those who 
have been trained. The system of organized technical instruction 
had, in practice, been organized from outside industries, ... whose full interest and cooperation it has never succeded in securing. 11PRO 
19191. 
Second, incipient forms of technical education derived from models 
put forward by agencies outside engineering trades, for example through 
interested parties associated with the Society of Arts, in addition to 
those argued by craftsmen and other workers from about 1868, were also 
perceived by employers as threatening. By and large, these kinds of 
initiatives were generally undervalued, and criticized in the Press as 
presumptious. But the more serious issue for workers were contradictory 
elements in the case put forward by artisan groups which were compounded 
by their ambiguous relations with influential employers. In the next 
chapter I examine some of the implications of these contradictions for 
workers' education within the context of general educational provision 
from the 1860s. 
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CORTRADTMOIS AID STRUGGLE TV TDRAR ARQTIT EDUCATIOM 
FROM 1887 tm 1897. 
6.0.0. 
My aim in this Chapter is to examine some of the developments In 
education which were taking place about the same time as the technical 
developments I have discussed. I explore some of the proposals for a 
system of technical education made by artisans. concerned with the 
prevailing 'Inadequacies of educational provisions. I make the point that 
in proposing models of technical education based an existing mass 
education provision, artisans were seriously compromised by the 
contradictory nature of their position with respect to employers and non- 
skilled workers. 
First there Is a need to locate the various definitions of technical 
education held by different groups within a broader concept of general 
education. Second, offer an explanation of how these definitions were used 
and were related to 'science' education in the period 1880 to the end of 
the century. 
Two main questions are addressed: What conception of technical 
education was held by the State and influential public figures? How did 
this particular view of technical education relate to the attitudes and 
understanding of the principal 'target' groups, artisans and their 
employers? 
To set the context I shall briefly examine the provision of general 
education, and the nature of state provision in the period from the 
1880s. 
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6.1.0 
Most authorities agree that growth In educational provision in 
England and Wales from mid-century was not continuous or coherent. 
Often, agencies responsible for various aspects of education appeared to 
be not only independent of others, but also operated with little regard to 
their existence. For example, there was a Committee of Council with two 
departments running side by side: the Elementary School Department which 
was independent of, and received no aid from, the Science and Art 
Department; both under the President of the Council. Of f iclal reports 
show that in the 1800s administration of these two principal agencies of 
state-provided education was imperfect. ER. C. on Secondary Education 1895 
P. 91 
In 1868 the teaching profession principally concerned with servicing 
both elements controlled by the Committee of Council, was regarded as 
almost entirely unorganised; its members isolated with few common alms, 
(Ibid. p. 141. 
There was also a third body involved in state education, the Charity 
Commissioners. This institution had little to do with the Education 
Department at Whitehall, and hardly any contact with the Science and Art 
Department at South Kensington. The Charity Commission however, seemed 
to, have an important relation to certain aspects of the apprenticeship 
system. It was the responsible organisation for the administration of 
various charities' funds, including the financing of apprentice schemes 
e. g. those concerned with children 'under care' such as paupers. 
Another agency, the Endowed School Commissioners, was loosely 
aligned to the administrative structure of the others, but also seemed to 
act independently. In 1874 this Commission was merged with the Board of 
Charity Commissioners. Subsequent Acts modified the function of this 
body giving it wider powers regarding endowed schools. But later, the 
Bryce Report considered its significance weak and powers Inadequate. 
(Ibid. p. 91 
Other Government schools existed outside the Education Department. 
There were Union and Workhouse Schools under the Poor Law Board; 
Military and Regimental schools under the War Office; laval and Ship 
schools under the Admiralty; Factory and 'Industrial schools' under the 
Home Of f ice. 
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The administration of this disparate group of educational agencies was 
poor; one view being that it was in 
"... a state of chaotic confusion*. Mayfair, 1871, p. 61) 
An historical review by the Bryce Commission, shows that in the 
period from the 1860's through the 1890's the organisation and 
development of provided education, and its administration was neither 
logical nor consistent. (Bryce Commission. 1895, p. 173. 
The lack of coherence and organisation in general education was 
reflected in the early attempts to develop a national system of 
'technical education'. Both suffered similar problems over funding. After 
the 1889 Act, technical 'instruction' grants (the 1889 Act referred to 
technical 'instruction' not technical 'education'), were being made with 
little regard to parallel grants being made by the Science and Art 
Department. The overall effect seems to have generated needless 
competition and overlapping of effort. 
I argued in the previous chapter that artisans, in advocating the 
need for technical education provisions based an the apprenticeship 
system, had concluded as early as the 1870s that such a model would 
require State funding. But the evidence shows that it was Ill-equipped 
both in administration and funding to control a universal system of 
technical education. This could account for the prevailing tendency of 
educational administrators at the time to consider 'technical education' 
narrowly as an extension of 'science education'. The agency responsible 
for 'science' in schools in the 1860s and 1870s, was the Science and Art 
Department. I now briefly examine this agency and its function. 
e. l. i 
The Sclanct- mid Art Department at South Kpnnlncrtnn 
The Department of Science and Art was formed in 1853 under the 
direction of Henry 'Cole. He was Joined in 1858 by the chemist, Lyon 
Playfair, who was Professor of Chemistry at the School of Xines from its 
inception and played a leading part in organising the Great Exhibition 
of 1851. He represented the Universities of Edinburgh and St. Andrews as 
a Liberal from 1868 to 1885. It has been asserted that despite the 
overwhelming success of Britain in the 1851 Exhibition, Playfair was 
among the few critics who seemed to realise that this was to mark the 
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end of industrial pre-eminence for Britain, not the beginning. 
. 
(Villiams, 
T. I. (Ed. ) 1969 p. 4211. 
Playfair assumed responsibility for the 'science' aspects of the 
department. One of the primary objectives of the Department was the 
administration of a system of grants for the provision of science 
teaching in schools. Clearly, this provision was limited in the period 
from the 1850s and 1860s. In 1860 there were 9 'science' schools, with 
500 pupils; in 1867 212 schools with 560 classes, and 10,230 , pupils. 
(Privy Council (1867)]. Official data for the period 1855-1878 
demonstrate that government expenditure on elementary education, and 
science and art increased from 1.26 per cent to 4.88 per cent in absolute 
terms. But the relative disposition of funds specifically for science and 
art, fell 14 per cent In the same period. tBritish Association, (1879) 
p. 4663. Other official data for the period 1871-2 to 1878-9 confirm the 
decline in expenditure an science and art: total expenditure for education 
in Great Britain, tl, 107,430, expenditure on science and art, t211,083 
(19%) (1871);, with figures of t3,732,534, and t3O5,324 (11%) respectively 
for 1878-9. (PRO Ed 23/71, Appendix A. 18893. [My appendix 23 provides 
detail]. 
Data on the relative growth rate -in science týachlng. In schools, 
indicate in my view that in this early period, 'science' education tended 
to be equated with 'technical' education (See appendices 17 and 19). This 
equation partly explains government's apparent reluctance to distinguish 
and take responsibility for 'technical education'. The problem with. the 
Directory's concept of technical education, as an extension of science 
teaching, was that 'science' itself was underfunded and provision 
generally inadequate. ' 
That, the Directory at South Kensington considered 'science' and 
'technical education' to be more or less synonomous nay be inferred from 
a Science and Art minute of 1867: 
"In order to assist the artisan classes who may show an aptitude 
for scientific instruction, My Lards resolve to aid local efforts ... 0 
And later the rule covering the award of exhibitions for Science in 
Schools/Colleges stated 
"... The exhibitioner must be of the artisan class or a poor student, 
as defined by the Science Directory". EPrivy Council (1867)al 
Pressure for 'technical education'. from whatever source, was perceived by 
the Directory as proposals for the extension of existing provision rather 
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than demands for a new form of education. But the evidence also shows 
that existing provision for science teaching in schools was not meeting 
the needs as perceived by certain groups of workers such as skilled 
workers i. e. related to the craft apprenticeship system. There was no 
change In structure or content in the Directory's scheme for at least 
thirty years. 
It may be reasonably deduced that In terms of administration and 
funding, science and art education was a relatively low government 
priority over this period. 
It seems to me that the reluctance by the State to extend its 
financial and administrative responsibility in this area of education was 
paralleled by the static nature of the curriculum In the same period, 
through to the 1890s. Therefore apart from the issues of government 
priorities regarding funding and administrative responsibility, there was 
the Issue of what was taught under the heading 'science' and to whom it 
was directed. A Select Committee set up in 1868 provided an initial 
focus for these questions. 
6.2.0 
ThA Partia Fxhihttlön nf 1A67. gintl thc% Select CcimmIttge 
nn ScienL-A Instructlön. 
The Select Committee on Science Instruction was appointed following 
critical reports from observers at the Paris International Exhibition of 
1867. Of these, I cite two. They were written by Lyon Playfair and 
another well-known scientist of the period, John Scott-Russell, who were 
jurors at the Exhibition. They focused attention an the relatively poor 
placing of British Industrial contributors In the Exhibition. Playfair 
suggested that the 'failure' of British manufacturers via a via 
Continental countries was primarily due to a lack of 'technical 
education'. Vriting to the Chairman of the Select Committee, Lord Taunton 
In 1867 he emphasised that 
"oss (continental countries) possess good systems of Industrial 
education for the workers and managers of factories and workshops, 
and that England possesses none ... * Mayfair to Taunton, 18673 
Playfair initiated the first public discussion of this issue by 
criticising the lack of technical education provision In England through 
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the columns of the Times. Fellow Exhibition Jurors, and others, supported 
his arguments. 
Frankland, scientist and Paris juror. for example, argued that the 
lack of science education was a defect in school and college education 
(which) affects the masters and managers of our factories even 
more deeply than the workman themselves ... * (Engineering' 19th July 1867, p. 481 
His contention was that lack of scientific training, In physics and 
chemistry especially, prevented them from 'originating inventions and 
improvements'. 
In the machine tool section another Paris juror argued that the lack 
of technical education would lead to increasing costs and a lowering of 
quality of work turned out by artisans. [McConnell, J. (1867)). Scott- 
Russell added to his previous comments in the official Exhibition reports 
by advocating some form of 'technical training' for 
I... all youth destined to skilled trades and, occupations'. 
(Engineering, Ibid. p. 491 
The evidence taken by the Select Committee was used to evaluate the 
system of science instruction in schools and other institutions and of 
the aid granted to it. This evidence fell under two heads, giving some 
indication what 'science' was held to be, and to whom it was presumed to 
be of value. Science teaching was thus reviewed under 
D the state of scientific instruction of a) the foremen and workmen 
engaged in manufacture, b) the smaller manufacturers and managers, 
C) the proprietors and managers- in-chief of large industrial 
undertakings. 
iDthe relation of industrial education to industrial progress. 
The division between the groups was clearly identified in the Report and 
seems to reflect in its structure the specific views of the relation 
between science and industry held by scientists. The influence of 
Continental systems, although treated with circumspection, was reflected 
in a call from an engineer juror for the setting up of an institution like 
the Arts et Metiers of Paris. Mid. p. 481. This, it was argued, would be 
valuable not only to working men and their 'superiors' but to engineers. 
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0.2.1 
Playfair and the Select Committee focused an factors which they 
assumed were inhibiting productive efficiency. The lack of science 
education was identified as one factor which they perceived as 
appropriate to those engaged in the manufacturing industries. , 
The underlying assumption seems to have been that their definition 
of science education as technical education could satisfy not only 
technical requirements but also the perceived social needs of industry. 
On this latter point Playfair noted in his letter to Taunton that 
"... (industry) suffered from the want of cordiality between the 
employers of labour and workmen ... " (Playfair to Taunton, 18671 
The Select Committee supported this view and outlined an educational 
scheme in its proposals. Particularly emphasised was the need for 
efficient elementary schools (for foremen and workmen); and the 
reorganisationl of secondary schools (for the smaller manufacturers and 
managers). The 'proprietors' and 'managers- in-chief I were considered the 
group to benefit from the other principal recommendation that 
I... there was a claim upon national funds for grants In aid of the 
provision of superior colleges of science and superior schools for 
technical Instruction requiring costly buildings and laboratories'. 
(S. C. on S. I. (1866)] 
It also accepted that the range of sciences of fered under the Directory 
suited the various grades of industrial worker and management in 
manufacturing Industry, provided elementary and secondary education were 
improved: 
'foremen ... by reason of their superior natural aptitude, steadfastness 
and Industry were unable except rarely, to take advantage of 
scientific instruction ... ' IS. C. an S. I. p-iii) 
The Inquiry also noted that second only to the defective elementary 
Instruction of the student was the scarcity of science teachers: 
science teaching is scarcely followed as a profession ... " Mid. p. v] 
The clear implication was that a scarcity of science teachers and 
the depressed state of general education was linked to the inadequacies 
in industrial 'efficiency', as suggested in critiques by Playfair, Scott- 
Russell and other Exhibition jurors. It was Playfair who raised the 
issue of the parlous state of science teaching in the House of Commons 
when he revealed that at the time of the Select Committee of Inquiry, 
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there were no science teachers under training anywhere in England. 
Mansard (1869)]. 
The Directory's science scheme however reaffirmed the theoretical 
emphasis of the sciences and a narrow interpretation of their function: 
'The object of the grant is to promote instruction in Science 
especially among the Industrial classes by affording a limited and 
partial aid or stimulus towards the funding and maintenance of 
Science schools and classes'. EPrivy Council (1868) Appendix DI 
But the laissez faire ideology underlying science grants was evident. They 
were subject to market forces and not intended to encourage gratuitous 
provision. Local funds were to be used for providing suitable premises. 
If these were not found, it was inferred 
I... that there is no (such) demand as the government is justified in 
aiding for instruction in the locality ... ' (Ibid. p. 431 
At the time the Directory at South Kensington co-ordinated and organised 
a mainly theoretically-based examination structure of twenty-tbree 
subjects. Included under this structure were some subject areas that 
night be termed 'technological': Xechanical drawing, mechanical, plane 
and solid geometry; mechanical and machine drawing; theoretical 
mechanics, applied mechanics; magnetism and electricity; elementary and 
higher mathematics. (Privy Council (1867) p. 18). 
Thus the limited aid and theoretical bias of the Directory's scheme 
continued, the structure and content remaining intact with the approved 
list and examination procedure unchanged until 1898, when two further 
subjects were added, hygiene, and agriculture. This may be seen In the 
Directory's approved list of sciences taught in establishments under its 
jurisdiction. (Appendix 191. 
Few engineering courses existed at the time, but a proposal was put 
at a society of Arts meeting In 1868 by Scott-Russell for a course for 
'the mechanical engineer and machinist'. EJournal S. O. A. July 1888) p. 6281. 
In content it was similar to the subject elements contained in the 
Directory's approved science' list. The table gives the course outline: 
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A THRRE YEARS' COURSP 
EProposed by J. Scott-Russell] 
FIrst Ypmr 
(Mathematics 
Pure Science (Physics 
(Chemistry 
(Descriptive geometry 
Applications (Elements of mechanism 
of Science (Strength of materials of construction 
Practical work in laboratories and drawing offices and museums to 
accompany each study. 
Second Year 
(Mathematics 
Pure Science (Physics 
(Natural history 
(Constructive geometry 
Applications (Prime movers and steam engines 
of Science (Nature and raw materials 
(History of inventions 
(Elements of mechanism 
Practical work in laboratories and drawing office and museums to 
accompany each study. 
Third Year 
(Mathematics 
Pure Science (Ultimate mathematical physics 
(Political economy 
(Statics of Machinery 
(Hydraulic machinery 
Applications (Prime movers 
of Science (Electro-magnetic mechanism 
(Engine tools 
(Metallurgy 
(Design of factories 
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Practical work , to be carried an in , laboratories, drawing of f ice and 
museums, and collections of machinery during the Session. - Practical work in factories and workshop should, if possible, alternate 
with study in periods of six months. 
At the end of apprenticeship a course of travel, with work and 
study, should be recommended. (Source: Journal Society of Arts, 24 Jul 
1868 p. 6281 
jable 4 
The concept of a six-month 'sandwich' was clearly novel as was the 
'course of travel ... I Neither seems to have become the norm In the late 
19th or early 20th century. 
The theoretical bias of the sciences offered by the Directory and 
Scott-Russell suggests a high level of expectation, despite prevailing 
criticism that elementary education was at a poor level. It also 
suggests a degree of over-optimism, given that in 1807 any person 
wishing to be recognised as a science teacher was free to do so provided 
he "... offers himself for examination once a year ... (Privy Council 
(1867)] 
A science 'school' or class was quite simply any place where one or 
more of the Directory's sciences was taught; and teachers in such a 
situation received payment according to results. Eloc. cit. ] 
However, arguments put forward for 'technical education' by Playfair, 
T. H. Huxley, and to a lesser extent, Scott-Russell, in the main were 
clearly proposals for an extension of existing science education 
provision. For example Huxley argued 
the great thing wanted (in technical education) was scientific 
Instruction to artisans ... " [Huxley, T. H. (1866) p. 1991 
His view appears to have stemmed from his close connection with the 
Mechanics, Institute at the time. As external examiner in the sciences to 
the various institutes, he was receiving an annual average of two 
thousand sets of papers, mainly from artisans. Other examiners In these 
fields could expect three or four times that number of papers Mansard 
(1869)]. As principal of the School of Mines, he was also aware of the 
practical interest shown by artisans in the series of science lectures 
put an by that institute. The six hundred tickets issued for artisans In 
connection with the series were regularly over-subscribed. Privy ECouncil 
1868 col. 1601. 
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Scott-Russell's research into Continental technical education on behalf of 
the Samuelson Commission of 1868 led him to a similar conclusion: 
I... the teaching of science was indispensable for youths intended to 
be craftsmen ... I 
He was convinced that the reported advantages In European industrial 
efficiency were due to systematic scientific education. , (Journal S. O. A, 
(1867) 7th June]. I- 
Playfair had long been an active supporter of state-provided 
education. His earlier comments to the 1808 Select Committee have been 
noted. In 1888, he could still argue that 
'the object of technical education is- to give an Intelligent 
knowledge of the sciences and arts which lie at the basis of all 
industries ... I (Nineteenth Century, (1888) p. 
3271 
He asserted that because Industry had become more scientific Its 
management became more 'professional': 'Industrial occupations are 
acquiring the dignity of a profession, because they are now based an a 
knowledge of science'. (Ibid. p-3321 
There is an Interesting parallel here with Marx's views. Vriting 
with reference to the revolutionary technical basis of Industry, Marx 
argued, 
'by means of machinery, chemical processes and other methods, it is 
continually causing changes not only in the technical basis of 
production, but also in the functions of the labourer, and in the 
social combinations of the labour- process'. (Marx. K. (1887.1977) 
p. 4571 
My point is not to reveal assumed congruities between the theories of 
Playfair and Marx but to suggest that the emphasis an 'science' 
characterised in the work of these commentators of the early period 
concealed an ambiguity In their contribution to educational thinking of 
the period. 
Scott-Russell had reservations about the 'science-technalogyo 
relation and put forward a dissenting note regarding the assumed close 
alignment between science and technical education. lie was concerned about 
the separation of theory from practice, and argued, '... the divorce of 
practice from science has been the great misfortune of our generation ... ' 
EScott-Russell, J. (1869) p. 349). 'Students', he said. 'should be expos ed 
to the best examples of craftsmanship'. [Journal Of Society of Arts 
p. 3513 
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He maintained that the separation generated a division between management 
and labour. The former, lacking skill abrogated responsibility to ,a 
'middle-man' and becomes I ... a buyer and seller of other men's work'. 
Skill, he asserted disappeared under the 'reigning maxim of 'cheap work' 
to be sold dear'. (Ibid. pp. 119.1261. 
He advanced this view in the Journal of the Society of Arts In 
which he had also introduced what seems to me, to be the f irst use of the 
concept of 'Further Education'. He described it as. follows: 
I... a schooling midway between the elementary day school and the 
workshop, which the youth should enter af ter be knows his reading, 
writing and counting, in order to learn to apply his reading, 
writing and calculation to his purpose of requiring such knowledge 
of mathematics, mechanics, numerology, chemistry, drawing etc., 
... Vournal, S. O. A. 7th June 18871 
The implications for the long-term development of English technical 
education of Scott-Russell's notion of 'further education' In my viewl, have 
been underestimated in existing accounts. His proposition added weight to 
the views of employers I examined in my analysis of the piece-work 
system and the apprenticeship above, that demands for technical education 
were best met, if at all, on a part-time pattern. If 'further education, 
Implied evening classes, then such a system suited a conception of 
technical education which made few demands on production time. The 
evidence shows other models, such as 'day-release' or full-time periods 
of education of short duration were not seriously considered as 
alternatives. A possible reason for this was their lack of correspondence 
with the changing patterns of technological and organisational Innovation 
being implemented at the time. 
Scott-Russell later broadened his views an further education in his 
definition of the technical college as an institution of continuing 
education- 
'Technical Colleges have a special duty to those who leave education 
at 18. They are to be shown how all the abstract science they have 
learnt leads up to the work they are about to do'. (Scott-Russell 
(1869) p. 3471 
Despite Scott-Russell's criticism of the separation of theory from 
practice implied in the models of nineteenth century scientists. be, 
together with others such as Playfair, Huxley, and Prankland, retained the 
Conviction that 'science' education was a means of improving Industrial 
efficiency. They seemed to have underestimated the critical Influence of 
strong industrial employers. Almost by definition, the institutional 
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ýi 
context of technical education was conceived In a way which abstracted it 
from the organization of work and actual Industrial work practices. They 
showed only limited recognition of the possible Interaction between work, 
technology, and technical education. Skilled workers involved in the 
production process viewed the situation from a different perspective. 
6.3.0 
Artlsan VlAws on the T----ue Of TPnh"lnftl RduCAtlQn! 
T. U. Cnngresg, pn from tP 1860s. 
In the 1860s and 1870s the Directory's science provision and the 
Society of Arts' technical examination scheme were the only available 
sources of what could be loosely called 'technical education'. 
Evidence relating to artisans' views from the period, shows that 
they held a different conception of 'science'. which appeared to 
challenge the prevailing orthodoxy. 
Throughout most of the century from the 1880s the trades unions 
consistently reiterated their belief in the strengthening , 
of the 
relationship between traditionally-acquired craft practices and some form 
of technical education. The TUC, from its inception, In 1888, passed 
formal resolutions to this effect. This also coincided with the first 
Society of Arts meeting on the same Issue- 
This first T. U. C. conference, sensing the need for adequate primary 
education as a pre-condition of technical education, referred to these 
issues as follows: 
0... this Congress, recognising the Immense value of education, 
primary and technical, recommends the trades of the U. K. to aid by 
all means in their power every effort to advance national education'. 
ET. U. C. Minutes (1868)) 
Apart from their owns independent sources. such as the Artizans' 
Institute, the Vorkingmens' School Union, and the Trades Guild of 
Learning(which I discuss below), these views thus found expression at a 
corporate level, the T. U Congresses In which the old system of 
apprenticeship was regarded as constituting technical education; 
the genuineness, and the superiority of British manufacture was 
built up under the old system of apprenticeship, which, though rude, 
and often tyrannical was a sort Of IPChnIcal Oducation' f1maxit. 31my 
emphasis], 
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This view was_ restated in the year following Forster's Elementary 
Mucation Act of 1870 was passed. The relationship between primary 
education and technical education was clearly reaffirmed: 
primary education should without delay be applied to every child 
in the kingdom and that in addition to this a good technical 
education should be open to every person engaged In connection with 
the Industry of the country'. (Ibid. (1871)] 
In 1874 the Congress argued that their deliberations should take some 
concrete form, adding that further Independent action , might 
be 
appropriate to their needs: 
the time has come when it would be well for the wnrkingmenlr, 
oraftnigatInns to actively takA up the quentlon - of 
trachnICA, 
educatinn. with a view to developIncr skill and that with this object, 
schools for technical Instruction ought to be established in every 
centre of industry, supported by grants from the Education 
Department*. (Ibid. (1874MMy emphasis]. 
The term 'further independent action' is intended to highlight the fact 
that a number of working class Initiatives In this direction had 
previously been attempted in 1867-1889. 
This was a new concept of technical education which embodied a 
notion of its relation to the acquisition of 'skill', as the 1874 
resolution shows by its reference to 'technical education' and 'technical 
Instruction'. 
A number of' crucial Issues for artisans were embodied In these 
resolutions. First, the T. U. C. clearly recognised the artisans' need for 
technical education based an universal primary education. Second, there 
was an acknowledgement that such provision would require government 
support and could not be over-dependent upon voluntary provision. 
It Is clear that union thinking on technical education throughout 
this period was premised an the idea of the Inseparability of a 
structured craft training system, the apprenticeship, and some form of 
technical education. Thus in 1880 it was resolved that 
a regular system of fritiontured apprentice-zhip. extending over a 
stipulated period is thA bent meanq offurtherinz tho devajnpmpnt_CL 
technIcal knnwledsra -and 
Ine-rg. -inIng thn skill Of workmen in the 
United Kingdom'. Mid. (1880)] (Congress at Dublin). Xy emphasis. 
Such a proposition appears far-sighted, but was utopian for it 
demonstrates a mis-judgement of the prevailing Industrial situation. It 
was evident that neither sustaining the apprenticeship in Its historical 
form nor supporting a national technical education system underpinned the 
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employers' Industrial policies. It was also plain that from 1852, skilled 
workers were being drawn increasingly into a struggle against the 
prevailing philosophy, held by both State and employers, that British 
Industry was fairly well adapted to current needs and demands. Spurred an 
by the strength of their belief In free-market policies, employers adhered 
to essentially short-term measures, which contradicted the longer term 
expectations for training within British Industry held by skilled 
workers. As one employer put It, 
'We have to train for today's jobs and today's requirements ... we 
should have to train for those jobs which already exist and not 
worry that these Jobs may not exist In 10 years time... ' (Smith,, of 
the Sturmey-Archer Company, quoted by Carroll(1979) 
Artisans failed to appreciate that technical education had become tied to 
market forces, despite the fact that, for all practical purposes,, its 
control had devolved upon ad hoe strategies administered by local 
authorities. 
6.34 
Prnblems UnAprIXInz the T. U. C. Cm--tft fmr a Retuntlnn 
of the Apprpntlnaship System as m Painis fnr Tt-chnIcal Rdunntinn 
It was central to the union argument that it was only through 
systematic training that the craftsman could effectively resist skill 
dequalification and decline to a 'mere appendage of the machine'. In 1885 
It was therefore argued that through the appeaticeship system: 
I... (the) workman would become the controller of the mechanical 
forces; (and) instead of being part of a machine he would supply the 
knowledge, the skill, and the artistic taste". (T. U. C. Minutes 18851 
My examination of the 1897 strike will show that the engineering 
unions viewed the employers' increasing use of unskilled labour through 
machine technology as a threat which originated in managerial strategies 
to weaken their workshop autonomy. The reaffirmation of the need for 
retention of the apprenticeship system was one of the responses to this 
threat. 
The unions expressed these ideas within a framework of resistance 
to the employers' increasing control over the reorganisation of work. As 
my discussion an this has shown the engineering unionts tactic was to 
project their rules, such as those covering apprenticeship and trade 
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training, as constituting important elements of control over skilled 
engineering practices: 
'Every artisan following a given occupation has an interest in 
common with those similarly engaged in, forming rules by which that 
trade should be regulated ... I (R. C. on T. U. (1869)] 
Employer control over the labour process clearly had significant. 
Implications for the attitudes and policies on technical education the 
artisans were attempting to put forward as part of the general aim to 
preserve the apprenticeship system. 
T. U. C. propositions on technical education, apparently unambiguous In 
their intent, however, obscured the social and technical significance of a 
fundamental principle. in union policies: their craft and social 
exclusivity. The historical pattern of trade practices rigidly excluded 
non-apprenticed workers from negotiations with employers. In presenting a 
case for some form of technical education, artisans persistently 
attempted to distance themselves from unskilled workers. They were 
prepared to align themselves with the employers over certain isues, i. e. 
Improve 'industrial efficiency' in order to secure their skilled status 
via a via the unskilled. This indirectly stiffened the employers' position 
regarding craft training and education, for, as I have argued the 
employers were implementing new technologies which relied less an skilled 
workers and made substitution viable and more profitable. Hence any basis 
for skilled employee-employer Interdependence was undermined, weakening 
the case for a technical education system based an the apprenticeship of 
trade training. The question of artisan status and privilege became one 
of the central issues in the 1897/8 conflict In engineering. 
In Chapter five I put the case that employer control over production 
varied in inverse relation to the strength of the craft apprenticeship 
system. If the unions claimed the apprenticeship system to be central to 
technical education, it would follow that employer control over 
apprenticeship was construed as also control over incipient technical 
education. In this way I think it is possible to argue that a) employer 
control over production processes paralleled their strong ideological and 
political influence over technical education. b) It is possible to trace 
a link between two apparently unconnected events: the debates on 
technical education In the 1880s and the engineering strike and lock-out 
nearly forty years later. What strategies regarding technical education 
were open to artisans, given the structural strength of the employers? 
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As part of their challenge to the employers' strategies an new 
technological implementation, artisans turned to alternative propositions 
an technical education provision, through which they attempted to 
strengthen their independence and exclusivity. A number of educational 
Initiatives were put forward from the 1880s which were out of the 
mainstream of educational thinking. But closer examination of these 
Initiatives again reveals certain anomalies in the artisans' perspective. 
What then was the basis for the workers' belief in a quasi- 
autonomous education? Was there any precedence for working class groups 
proposing 'self-help' educational provision? I believe it is possible to 
locate the beginnings of 19th working class Ideas an technical education 
in the previous century. 
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6.4.0. 
SkIlled Workers mnd Contrmdlctlons In Attpmpts to Pstabllsh 
Im Tachn1cal Eduention Systpm. 
,I believe the ý evidence shows that the concept of education embodied 
In government thinking from the 1880s regarded work as the dominant 
feature of working class lives. Ideas coming from certain sections of 
the working class, the artisans, seemed to concur In this and accept, for 
example, a notion of 'secondary education' based on the principle of 
evening classes. 
A motion formalizing this particular Ideology was put by an artisan 
representative at a Society of Arts Conference (1888) which read: 
"That as the demands of labour make it Impossible that children of 
the working classes shall be retained at day schools until their 
education is complete, and as their attendance at evening classes is 
essential to the completion of their education ... provision should 
be made ... (for) support for systematic instruction In evening 
classes". [S. O. A. Journal (1808) 31st Jan., pp-185-61 
This resolution, which was passed, portrayed children of the working 
classes in a certain light., they required education which would facilitate 
their adaptability and accommodation to the demands of the prevailing 
system. 
But just as in the previous n1litant phase such as Chartism, workers 
were also engaged In a more or less constant struggle to improve their 
working environment. In an analysis of 19th century skilled workers, for 
example, E. P. Thompson(1077) argues that the first half of the nineteenth 
century must be seen as a period of chronio u nder- employment, in which 
the skilled trades 
*are like islands threatened on every side by technological 
innovation and by the inrush of unskilled or juvenile labour", 
lp-2691 
Therefore the articulation between education and worki embodying a 
principle of evening classes as the 'means of secondary education' for the 
masses, had significant implications for working class ideas of 'technical 
education'. Artisans presented a case for technical education which, on 
the whole, did not challenge the prevailing orthodoxy on education. The 
de facto situation did not radically alter throughout the century. After 
the Cockerton Judgement of 1900, School Boards could only conduct, out of 
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the rates, elementary schools, and In these schools, whether day or 
evening, only elementary education could be given. This clearly Implied 
that the upper age limit was 14 years. The situation was legalised In 
1901. EXemo. on the new scheme of Regulations for Evening School and 
Classes under'the Board of Education. Statistics and Returns, 1894-1901. 
P. R. O. Document ED24/831 Vorking class dependency In education was not 
alwayu normative as the evidence I discuss below shows. 
6.5.0 
Prp-IAOM Intinris of FelunAtInn! Tho Tnflupnco nf the Sunday 
Schnnlq nn 14th Century Ideam of Tochftlcal PdtinAtlnn. 
The notion of non-state educational provision has had a relatively 
long working-class history, going back at least to the 1780s. At that 
time it was an activity engaged in by a fairly broad stratum of the 
working class; sometimes at considerable cost. Thompson (1977) refers to 
an 'Intellectual cultural of the working class, In which the 'articulate 
consciousness of the self-taught was above all a political consciousness, 
EP-7811. Segregated, the working class Institutions according to this 
view, generated a toughness and resilience, In which class acquired a 
signif Icance: 
O. o. everythingo from their schools to their shops, their chapels to their amusements, was turned into a battleground of clase. 
(Thompson, p. 9141 
Lacqueur (1976) also argued that the period 1780-1850 was significant in 
terms of education perceived as part of a working class culture. In 
particular, he related this to Protestant Christianity, arguing that this 
religious ideology provided the language of radicalism. This radicalism 
found expression in the later conflicts between the trade unions and 
employers. Applegarth, a leading trade unionist, retained come of his 
evangelical zeal In his work with the carpenters union, in the 1880s. He 
Insisted, for example, on union meetings being conducted in temperance 
halls rather than public houses. This working class ideology was also an 
Integrative force in England particularly through the working of the 
Sunday Schools. (Ibid. p. 24 et. seq. ) Lacqueur maintained that these 
schools mirrored 
... the comparative strength of cohesive over disintegrative forces 
in society, an aspect of working class not often registered". (Ibid) 
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It seems to, me that 19th century pleas for general and tchnical 
education, by -working class groups such as artisama, reftect*m the 
seriousness and persistence of the workers' educational thinking referred 
to by Lacqueur. But, this is not to argue that the later ideas on 
technical education were similarly autonomous or Independent. I have 
previously discussed T. U. C., resolutions which recognized the necessity for, 
some kind of state or employer funding for technical education as well as 
general- education (my discussion, above sub-section 6.3.0. ). , However, 
there would appear to be a sense of continuity in later developments of 
the 1860s and 1870s, although there were Important differences in working 
class cultural expectations reflecting the changing relations of 
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in technology In use, from the 1860's as social and technical relations 
came to be characterized by the Increasing dominance of Industrial 
employers and the artisans' resistance to work reorganization. (In a 
sense, artisans colluded with employers in supporting the prevailing 
profit-seeking ideology). 
Vorking class attitudes to education thus came to be modified. Their 
demands for education, framed by a transformed social and ideological 
structure, which made greater demands on their time and energy, were not 
so readily met by a self-serving system such as the Sunday School 
System. After the mid-19th century the educational self-sufficiency 
engendered by and, 
_ 
within the Sunday School movement and beyondl 
identified by Lacqueur, was influenced by the changing relations of 
production. The Artisans' Reports, produced In 1868 arising out of their 
observations at the Paris Exhibition of 1867, provided a case in point. 
Regarding the change from a fundamentally religious Ideology ta'a more. 
secular view, the interference of institutionalised religion war. 
unequivocally rejected by artisans.. One artisan argued for example: 
"Government in effect now says Education is all-important, it is 
essential to your welfare ... if you are to have education you must 
take my dogmas with It -" tRandall, J. (1868) p. 2971 
This view was reiterated in the following year at an International 
working men's congress by Applegarth, despite his evangelical convictions, 
anxious to separate education and religion: 
*We are In want of education and the State must give it free from 
religion". [Applegarth, R. (1889)] 
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The voluntary Sunday School system had been concerned with basic 
literacy and numeracy in addition to religious studies. But, demands for a 
universal primary education system on a broader scale, as a preliminary 
to technical education, of necessity presupposed a more universal, 
'provided' system. Briefly, the two systems may be characterized thus: 
a) the Sunday Schools were staffed predominantly by working class 
people and funds cans from working class communities; 
b)If self-help' initiatives proved Inadequate, technical education 
required a 'sponsored' system through a secular organ, the government, or 
employers via A via a system like the Sunday Schools, 'sanctified' through 
a religious Ideology. 
I believe the common factor In the two developments was an 
Ideological one: a combination of a skilled working class Intrepretation 
of the Protestant ethic and demands for secular education that coalesced 
In one period in a pressure for technical education. This is riot 
Ito 
undervalue the more generallsed force of the earlier religious ideals but 
to reaffirm their presence In some working class thinking In the 1860s. 
As Lacqueur said, 
I#s. a highly developed culture of self-help, self-improvement and 
respectability, which nurtured many of the political and trade union 
leaders of the working class, emerged from the ... Sunday School'. 
(Ibid. p. 1551 
(Narx was to note the same tendency, from a different perspectivei 
Udger and Applegarthfo are both possessed with a mania for 
compromise and a thirst for respectability'. Marx. (1869), p. 2781 
The earlier evangelical Christian idealism was evident In some of the 
later working class educational developments In the period between the 
18806 and 1880s. The alignment with organisations sponsored or organtsed 
by a religious denomination Illustrates the point. 
II(Odger and Applegarth were prominent members of the 'Junta'] 
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0.0.0. 
The Working Man's Educational Uninn 
The Working Men's Educational Union. founded In 1852, might be said 
to be one of the descendants of the Sunday School Movement. The 
combination of the religious and the secular may be Identified in Its 
alms: 
the leading feature of this ... organisation was the attempt to 
unite Christian men ... (and) furnish them at the cheapest possible 
rate with the material requisites for popular, entertaining, and 
instructive learning". W. M. UU853)p. 241. 
There were other illustrations of a non-religious kind of development, 
such as the Co-operative movement which put forward plans to provide and 
encourage, through education, 'partnership In industry' Mudlow, J. X. 
Jones, 1867, p. 241. 
But I believe one of the clearest illustrations of l9th century 
Evangelism at work in working class politics was the Working Xen's Club 
and Institute Union (W. M. C. & 1-U. ). This organisation was founded 
('sponsored') by a Unitarian Xinister. Henry Sally, In 1862. Sally, 
maintaining that the 'integrity' of the working man should be constantly 
upheld, asserted that the W. X. C. & I. U. should be autonomous Institutioni 
11o working man will go near a club If it is not their own*. (Sally, 
18661 
However, later he seems to have lost confidence In the abilities 
of workmen to organise their own affairs: 
I... any committee of working men or a committee chosen by the 
members would be fatal to the movement". Mid, 12th Xay, 18751 
In the mid-1870 Sally's attitude to working nen was condemned as 
patranising and authoritarian: 
*Xr. Sally's attempts (at authoritarian control) have not 
recommended bin to the working man. He has never worked unless 
allowed the entire lead as well as good pay. And he has never been 
over-scrupulous in obtaining his ends". (Weller, A. (1875) p. 1313 
Despite criticisms it was to this institution that certain artisans in 
London first turned In order to stimulate the development of some kind of 
technical education system. As one natal-working artisan expressed it: 
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'I should like to see a number of Institutions, they might be called 
colleges, or any other name, I would have then fitted up with a 
number of workshops for different trades, and one large room to be 
used as a lecture room. ... There should be schools attached ... Vorking men in large towns have a great difficulty In finding 
convenience to do anything for themselves by way of Improvement'. 
(Vinstanley, T. (1887) p. 1651 
Another illustration from a worker in the carriage trade, the nearest 
equivalent to modern motor-body building, argued: 
'It is of the greatest importance to the workmen that they should 
possess an intimate knowledge of drawing and mechanical appliances. 
And I regret to say ... in the great City of London there are no 
classes or instruction ... I must confess that our French fellow 
workmen have greater facilities for obtaining (a) more scientific 
knowledge ... I (McGrath, T. (1887) p. 1691. 
Plainly, these present a clear, if deterministic relation between technical 
education and 'economic' and 'technical efficiency$. They differed from the 
scepticism shown in the employers' journal, Engineering., 
'We ore now aware that any student of our technical schools, and we 
have several of them, has yet given us a valuable invention ... technical education was useful, but limited ... and received by those 
who would otherwise be valueless members of the IndustripAl 
community ... ' [Engineering Vol. 4,2nd Aug. 1867][Ky emphasis). 
Technical education lacked universal appeal as another contemporary 
journal notedt 
'We entertain the greatest doubt ... as to the wisdom, In any sense of 
trumpeting those very generally weak and Jejune productions of half 
educated men, seeing in a country where most of them were Ignorant 
of a word of the language spoken round them, things necessarily 
understood but imperfectly ... and attempting to make the world believe that the Society had elicited and discovered superhuman 
talent in their workmen ... I (Practical Mechanics Magazine, April 1868, 
P-191 
The bias against a cultural perspective generated within a working class 
group, was clear. 
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6.6.1. ý 
The Fnrmatlon of the Vorkmen's TachnIcAl Mucatlon 
Cnmmittep- 
Theire were more favourable responses to artisan Initiatives than the 
criticisms imply for one of the outcomes of artisan approaches made Jn 
the Artisan,, Exhibition Reports, and to the vx. c. & r. u. was the 
organisation of a conference, sponsored by, the Society of Arts. held in 
March 1868. Arising from this was a proposal to form a Vorknen's 
Technical Education Committee. Its terms of reference included a brief to 
promote technical Instruction in workshops and Inanufactories'; to relate 
the instruction to existing educational provision in accordance with 
artisans, perceived needs. In particular It was to ascertain how far 
existing institutions in London particularly. could be made, avallable for 
the instruction of 
I... apprentices and artisans in the principles and practices of 
their trade'. (Report, V. T. E. C. (1888)] 
Its inquiries in London found that there was no provision, in the 
metropolis adequate to the wants of workmen, that Is at such, bours and at 
such terms that would place such provision within their reach [Ibid. p. 61. 
This confirmed the criticism made by the various contributors, to the 
artisan reports on the 1887 Exhibition. 
The Committee's recommendations Included a call for the provision of 
technical schools for Instruction In the details of the various 
handicrafts similar to the lecoles d'apprentissage in Paris' and a 
'Great Central, School for foremen like the Ecole des Arts et Metier 
in France'. [Ibid). 
A number of Innovatory ideas emerged from this meeting. There was a 
proposal for the establishment of suitable training schools for technical 
teachers. Another, In the final clause of the proceedings -recommended 
that the law should empower employers to release apprentices 
'for a certain, portion of their time in obtaining technical and 
scientific instruction relating to their calling'. Ubid, p. 81 
Thus two factors may be distinguished in skilled working- class 
educational thinking of the period: A recognition ., of, a, need for 
specialised training for technical teachers; and one ofl the first 
proposals for part-time day release; a proposition put In the following 
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year by Scott-Russell In his Systematic Technical Education (1869), who 
also made reference to an 1F. E. 1 concept on a part time day basis. 
The W. T. E. C. seems to have anticipated one of the principal 
provisions under the City and Guilds raysten by some twelve years. After 
1878, the Central Institute at South Kensington for example, provided 
academic technical courses, and also Introduced systematic training for 
technical teachers (my analysis Chapter 9). 
The Committee recommended, In addition to the more radical 
proposals for 'day-release', an extension of existing science and art 
clases. The argument here was that the Jermyn Street classes (School of 
Xines) were not accessible to artisans during the day; and the evening 
classes at Kings' and University Colleges were too expensive( Ibid]. Apart 
from the Issue of allocation of time the question of funding was a 
critical and recurring factor whenever working class educational issues 
such as this were discussed. In this context I exanine below ýthe 
legislation that followed the 1889 Technical Instruction Act, much of 
which was concerned with Issues of the proper authority for funding 
technical education generally. Thus twenty years after this 
recommendation by the Workmen's Technical Education Committee, it was 
being argued in the House of Commonst 
I... there was a want of funds and the fees are so high that the 
working classes cannot avail themselves as nuch as is desirable (of 
evening classes B. C. ... very few boys from the elementary schools 
are able to attend, consequently very little good Is done ... Mansard, 1889, Col. 12521 
Xoney was eventually found from an unexpected source, within the aegis 
of the Customs and Excise Act of 1890. But in 1889, the first annual 
meeting of the Workmen's Technical Education Society (W. T. B. S. ) was held 
In the theatre of the Royal School of Xines in Jernyn Street. Under the 
chairmanship of Lord Elcho, It was resolved that a permanent organisation 
be established with the name 'Workmen's Technical School Union% (Times 
25th June 1869). It was further resolved that 
I... trade societies be recommended to establish schools, classes, and 
museums for the children and apprentices of their members ... I (Ibid. ) 
The Educational Times noted the recommendation that large companies 
('nanufactories') be requested to open schools for technical education In 
their respective establishments. (Educational Times, 19th July, 18691. 
, Again this deliberation would seem to anticipate provisions through the 
City Livery Companies In 1879. 
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The evidence therefore suggests skilled workers were attempting to 
generate some form of technical education provision in the decade before 
the establishment of the City and Guilds of London Institute In 1878. The 
beginnings looked promising. In the first year of the W. T. E. Cls. 
existence, In addition to the research into technical education facilities, 
nine lectures on related topics were arranged and delivered between 28th 
May and 23rd June 1889 (Report of the Proceedings, op. cit. ) But the life 
of this particular initiative was, In fact, short-lived; the committee 
disbanded in 18(39. 
In political terms the Workmen's Technical Education Committee was 
relatively Ineffectual. It was, in the event, too late to submit Its views 
and recommendations to a government Committee of Inquiry under Samuelson 
(S. C. on Technical Instruction, 1868 (Chairman - Sir Bernhard Samuelson)). 
There are a number of possible explanations for the demise of the 
Workmen's Technical School Union after only one year. There was clearly 
the question of funding, which was a problem at local and national level. 
It seems to me that a further explanation lies within the political and 
Ideological framework of these artisan proposals. Two issues may be 
distinguished. 
The first points to ambiguities associated with artisan claims to 
exclusivity as I analysed above (1.6.0, One of the problems 
here was the question of 'technical efficiency' and the place of skilled 
workers In the hiearchy of production and their position via A via other 
workers and employers. The alignment of skilled workers with non-working 
class people, such as Sally and Lord Elcho (discussed below), seriously 
compromised skilled workers whenever employers' and artisans' views were 
Incompatible or Irreconcilable. This Ideological position was highlighted 
by artisans responsible for the Exhibition Reports. 
In 1863 they Issued the following Invitationt 
'To commemorate the Issue of a somewhat novel undertaking (the 
publication of the artisans' reports on the Paris Exhibition In book 
form), and at the same time to mark their sense of the honour 
conferred upon the working classes by the Society of Arts, the 
workmen authors have Invited Mr. William Hawes, the Chairman of the 
Council, and the executive officers of that body to a public dinner 
(Times, 23rd April 18681 
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Thus artisans' relations with employers, and their representatives needito 
be examined in terms of 'sponsorship' sought by a minority of workers In 
proposing educational provision of the kind associated with the Vorkmen's 
Technical School Union. 
6.6.11. 
The Tradp, -q Gulld nf Lo-Arnimr. mnd thp Artisans' Tnstltutp 
Sally's Interest In working class education was continuing. In 1873 
he proposed the formation of a Trades Guild of Learning. His Intention 
was that the guild should promote 
'... the delivery of lectures and the formation of classes, to assist 
members of Trade Societies and other skilled workmen in acquiring a 
knowledge of history, political economy, and technical education ... (Sally, H. (1873)] 
This was also presented as part of a paper read by Sally to the London 
Trades Council in an effort to encourage their ideological and material 
support. The response from the Council was to affirm the principle 
'without pledging delegates to anything further'. Minute Book, 
London Trades Council, 8th April 18731 
This cautious response seems to have been justified in the light of 
subsequent events as the development of the Artisan's Institute reveals. 
This Institute was an important off-shoot of the Trades Guild of 
Learning. It was formed under Sally's direction in 1874. Initially it 
appeared a substitute for the defunct Workmen's Technical Educational 
Union in the promotion of technical education, In terms of a 'demand from 
below'. At its inaugural meeting there were representatives from at least 
twelve skilled trades, Including two from engineering branches. 
Sally at this stage put forward his views an technical education for 
artisans. The Artisans' Institute was Innovatory In the sense that 
through Sally it was proposed to conduct classes staffed by teachers 'who 
were themselves tradesmen: 
I... we regard as a fundamental axiom for any real Improvement In 
Technical teaching o* that we must look among skilled workmen for Technical teachers ... we must give them the means of instructing their fellows'. (Sally (1873); Sally (1878) p. 11] 
Xy view, is that these perceptive ideas on technical education 
I were 
overlaid by his patronising attitude towards workers. On the one hand 
was his advocacy of having workers conducting classes. On the other, 
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was the prescription for a change In the workers' social attitudes and 
beliefs: 1, 
'A change in the habits and an Improvement In the tastes of some 
workmen, with, a willingness on the part of the steadier and nore 
educated shop-mates to help them "onwards and upwards"'. (Solly 
(1873)] 
There was also what seemed to be a missionary or reformist ideology 
behind his proposals. He argued for 
I... the substitution of Trades Halls and Clubs for public houses as 
places of business, social intercourse and recreation'. (Ibid. ) 
In this he was supported by a member of the 'Junta's Applegarth of the 
Woodworkers. Carrying over, perhaps, some of the evangelical zeal of the 
Sunday School system, he was a fervent believer In promoting sobriety and 
order in union affairs. 
Like the Workman's Technical Education Committee, Solly's initiative 
was also short-lived. Within three years It was in financial 
difficulties. The Science and Art Department refused a request for a 
grant in 1878. (The Globe, 30tb May 18781. This action reinforces the 
belief that government was reluctant to commit public funds to this form 
of technical education at this time. The 'amateur' status of Solly's 
movements clearly made no appeal to government regarding funding, 
But at least one journal considered the Artisan's Institute an 
important factor in the promotion of technical education of the period. 
The Globe wrote that 
I ... at the present moment this Institute ... contaln(s) probably ... 
whatever germ there is of hope for the survival of English trade'. 
EThe Globe, 30th May 1876.1 
The Trade Societies, composed mainly of local skilled workers' 
representatives, were approached again for help by the executive of the 
Artisans Institute In 1877. (Minute Book, London Trades Council, 11/12, 
18771 The Secretary Hodgson Pratt, and an executive member. X. P. Samuel 
Xorleyo after an initial appeal made a further approach In the following 
year. They proposed that the 
'trades should take over and conduct in their own way the Artisans' 
and Mechanics' Institute in St. Martins Lane'. (Ibid. 12/2/18781 
'This proposal was considered at length, and finally rejected in June 1878. 
11bid. 15/6/1878). In the following year Solly resigned. (Solly (1878)]. 
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8.6.111. 
AmblIZIjItlas in SkIlled Vorkeral FducatimnAl lnltfmtfves 
This brings me to the second major issue. A problem for skilled 
working-class groups in this period, seeking sponsorship for educational 
strategies, - was the political and ideological position of prominent 
political figures associated with them. I have referred to the ambivalence 
regarding working class initiatives in relation to Solly's work with the 
V-X-C. ý and I. U. In the case-of the W. T. E. U. the connection with Lord Elcho 
seems to warrant further consideration. 
In the light of his views on trade unions generally, it appears to 
have been a questionable decision to invite an aristocrat to chair what 
was, in effect, a workers' meeting. It is speculative to suggest that it 
was intended to promote the respectability and credibility of the venture. 
Some evidence provides justification for the decision. During the course 
of a Commons debate an the Xaster and Servant Act in 1867, it appears 
Elcho supported'an amendment relating to the 'operative classes'. They 
responded positively to his support: 
'thanks and gratitude for the great interest and sympathy exhibited 
by you on all occasions where the social conditions of the 
industrial millions of your countrymen is involved'. (Elcho (1868)] 
Buti, other evidence shows that Elcho had a very circumspect view of trade 
unions. At best he seems to have been ambivalent: 
'... trade unions are doing great good, as benefit societies ... (they) 
are the means of keeping men off the poor rates'. (Elcho (1887) 
p. 123 
In 1866 he had written of his mistrust of trade unions. He was arguing 
the case for an inquiry into the trade union movement, maintaining that 
it would 
I ... show the danger of trusting these men with the uncontrolled power 
which they are seeking ... the tyranny of the unions Is such that I see 
an anti-union union is being formed In Derbyshire ... I (Letter Elcho 
to Walpole (1866)] 
Coupled with this mistrust were his views on the ideology of socialism 
and his belief in the unequivocal 'laws' of laissez-faire economics. He 
made this clear in his speeches and writing in the period from the 1880a 
through the 18801s. 
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At the time of the Workmen's Technical Education Union initiative 
he was arguing I... the laws of pnIftleal f! cnnmLy are. ... nIgAr and defined 
... as those of nature herself'. (Elcho (1867) p. 10](Xy emphasis].., 
But in my view it was his evident distaste for socialism that highlights 
the ambiguity of his'former association with the Vorkmen's Technical 
Education Union and working class groups generally. '"State socialism", he 
argued, 'saps the qualities of self-reliance and originality which have 
been pre-eminently the characteristics of our race'. (Elcbo (1885)) 
The ambivalent nature of Elchols association with working men's movements 
notwithstanding, 'the assumed need for sponsorship an the part of certain 
elements of the skilled working class continued. In 1870 Elcho was 
approached to attend a public meeting on technical education to be held 
In July. The invitation clearly spells out the sentiments surrounding the 
relationship between two apparently disparate groups of people: 
'We can only hope to stimulate the latent energies of the artisan 
population by continued endeavour and there Is no doubt that one 
way of moving them Is by showing that noblemen like yourself and 
gentlemen ... take an interest in their permanent well-being'. (Murphy (1870)] 
But, the London Trades Council had had different ideas and expressed a 
clearly opposed view earlier: 
"The general conduct of Lord Elcho was such that the Council had no 
confidence whatever in him". tKinute Book, London Trades Council 
(1868)] 
Elcho's relation with the workers was clearly tenuous. His response to 
an invitation by Holly to chair a meeting indicated this. In his reply 
he questions whether it was wise 
'... to keep at these working men's clubs a staff of Dukes, Lards and 
authors ready to take the chair, lecture and speak In the way now 
proposed... ' [Elcho to Sally (1865)]. 
He continued, however, to exercise his influence on working class affairs 
through Parliamentary activities. particularly sitting on Select 
Committees. He was a prominent member of the 1868 Commission of Inquiry 
Into Trade Unions. Later, in 1893 he was associated with employers in an 
aggressive counter to unionism. In this context he was active in the 
National Free Labour Association of 1893. This was an organisation 
founded by an ex-trade unionist, William Collison. Its avowed aim was 
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the crippling of the power of the unions and to provide a reserve of 
Iblackleg' labour for employers. In action it took two forms: systematic 
impartation of Iblackleg' labour; the other was legal action against what 
was considered 'intimidating' picketing. Both elements -were involved in 
the protracted engineering strike and lock-out In 1897. tKynaston (1976) 
p-153; Roberts (1958)p. 1533 
8.7.0 
. SummAry F§nd T)Iscusslon- Artisans And thp Cnnet-pt of 'TpchnIcAl 
Cultural 
I believe the evidence shows that there was a 19th century working 
class definition of technical education which acknowledged a distinction 
between science and technology. A metal worker expressed the concept in 
this way: 
'A knowledge of geometric forces would be Invaluable to the artisan, 
and lift him from often only being an Imitator of others, doing so 
and so because it has been the custom to do so; but measuring on 
principles would make him in the highest sense of the word a master 
of arts ... I (Bramhall, W. (1867) p. 164). 
At an organisational level, this concept was reiterated at the 1874 T. U. 
Congress. In the debate an technical education, working nen's 
organisations wereýurged to 
'... actively take up the question of technical education with a view 
to furthering skill, and ... schools for technical instruction ought to be established ... supplied by grants from the Education Department'. (T. U. C. Xinutes, 18741 
Thus the Idea of 'technical knowledge' was linked to the central notion of 
craft apprenticeship, a combination which was later argued to be 
I... the best means of furthering the development of technical 
knowledge and increasing the skill of workmen ... ' ET. U. C. Minutes, 18801 
Skilled-working class educational Initiatives represented the only attempt 
of substance I have, seen recorded to promote a concept of technical 
education as part of a 'technical cultural In the 19th century. By this 'I 
mean technical education portrayed as a feature of a working class 
culture characterised by interaction between practical activities in the 
workshops and the theories and social relations embedded In these 
practices. It posited the notion of technical education which rejected an 
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emphasis an wholly manual craft practices, and yet avoided the 
abstractness and esotericism of the purely theoretical. 
The evidence suggests the existence of an alternative to the 
prevailing notion of technology as a logical extension of science, as 
conveyed by Huxley, Playfair. Randall and other established public 
scientific figures. 
I believe influential and education- mI nded scientists in the period 
assumed a deterministic model of science, in which science promoted 
'technical and productive efficiency' through its incorporation Into 
manufacturing processes by skilled workers: the notion, of -technology as 
'applied science,. But at the time the apprenticeship, the basis of skilled 
Craft production, was clearly in decline. Its demise was accelerating with 
the transformation of work organization and increasing employers' control 
over the labour process. Mechanistic views of science and technology 
failed to take into account the ideological nature of Industrial 
reorganization and the Implementation of new technologies. Thus for the 
$science establishment', the social relations in which science and 
technology were embedded were assumed to be given, unalterable and an 
essential pre-condition of modern production. The relation between work 
and technology was regarded deterministically, and was therefore 
unquestioned. The events in the engineering industry, such as numerous 
strikes following the major confrontation of 1852, were not perceived by 
Playfair, Huxley et al as significant factors In the deliberations about 
technical education, despite the fact that engineering employers and their 
employees were principal target groups for technical education. 
Control over the labour process by employers had crucial 
Implications both for employers' and artisans' policies and beliefs about 
technical education. Artisan attempts to Initiate Independent sources of 
technical education through working class orguizations such as the 
Artisans' Institute and the Workman's Technical Education Committee, 
failed mainly in two respects. First, they were unable to convince a 
cautious and vacillating government of the viability of their proposals; 
funding therefore remained crucially significant to development. Second, 
the artisans, contradictory relations with the employers and unskilled 
workers continued to subvert their ideas for a national technical 
education system. The contradictions were highlighted by the erosion of 
the historical dependence of employers on highly skilled labour. New 
technologies were proving more and more an Indipensable condition for 
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profit-seeking vie a vis expensive artisan expertise. Skilled workers, 
seeking to preserve their autonomy and consolidate their exclusivity 
though a newly-formed technical education system, failed to perceive the 
Inherent difficulties associated with these developments; The,! impulse an 
the part of employers, encouraged by State adherence to laisez-faire 
economics, to maximize short-term profits whilst attempting to initiate a 
national system of technical education based on long-term projections for 
skilled labour. , 
These ambiguities were to have serious repercussions for the 
development of technical education in the last decades of the century. The 
evidence suggests that this became manifest in the period up to the'areat 
Strike and Lockout of 1897 in the engineering Industry. The strike Itself 
and Its ramifications for technical education will be a principal focus of 
Section Three of the thesis. 
-189- 
In this Section 3, consisting of three chapters, I examine in detail 
the events from the 1880s, which I believe highlight the conditions 
affecting the consolidation of employer power, particularly In the latter 
part of the century, -in relation to the reorganization and control of ý the 
labour process. The social and technical developments from the 1850s had 
profoundly Influenced both the concept of skill and the historical method 
of skill acquisition, the apprenticeship system. The apprenticeship -and 
machine manning Issues provoked frequent industrial -conilicts. 
XcIvor(1984) suggests that in the thirty year period from 1880 there 
were 'hundreds of lockouts... the most feared and most devastating of the 
employers' strike-breaking tactics ... 1(p. 18). Xy case is that at the centre 
Of most of these disputes were questions of the reproduction of skilled 
workers and the Implementation of new technologies. 
Artisan attitudes to the apprenticeship and technical education had 
been made clear from the 1880s, especially after the first TUC resolution 
an technical education in 1868. Concern was expressed over the way the 
employers' extension of their control over the labour process intruded 
Into early technical education developments, which they believed should 
embody the apprenticeship system as a central element. Employers, 
reinforced by their increasing power over the implementation of new 
technologies which no longer relied upon skilled craftsmen. effectively 
combined to challenge the leading artisan union, the ASE. 
Disputes erupting throughout the 19th century culminated In the 
strike and lockout of 1897, with machine manning and the question of 
substitution as a main contention, and not the issue of technical 
education per se. But the structural position of strong, federated 
employers at that tine was such that they were able to impose their 
Ideas concerning trade training and education upon the skilled workers, 
and indeed crucially influence policies for a national system. I seek to 
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establish that the principles behind the employers' transformation of the 
workshopsý underpinned their attitudes and beliefs about technical 
education. Thus, I believe questions concerning the development of 
technical education can not be separated from the broader Issues of the 
reorganization of the workplace. 
The conflict of 1897 therefore seems to me to provide a watershed 
In Industrial relations in the period. Furthermore, the events leading up 
to the strike and lockout paralleled the first important pieces of 
legislation an technical education. 
In my analysis here I shall question the predoninant evolutionary 
model of technical education, and the assumption that it can be viewed as 
an extension of general education. I shall also question the existence of 
a 19th century technical education 'movement' or 'cause's which I believe 
Implies a coherence and rationale based on an Identifiable educational 
philosophy of technical education. 
I show that technical education was not simply an evolutionary 
development from general education, but was largely Influenced in 
structure and form by the attitude of both the states Intent an 
minimizing national expenditure an education. and significant employers, 
such as those In the mechanical engineering Industry. In what ways did 
employer Influence manifest itself? How was It possible for employers to 
be such a force In incipient educational davlopments when the evidence 
suggests they rarely made public their views an educational affairs? 
I believe a key to an understanding of these questions lies in an 
examination of the processes which gave rise to the predominantly part- 
time pattern of technical education which was embodied frcas the outset in 
the 1870s. Does this suggest that this particular mode fitted Industrial 
work norms of the time? 
This Section begins with chapter 7 in which I examine how existing 
accounts treat the origin and development of technical education and 
technical developments associated with It. 
This will be followed in chapter 8 with a detailed analysis of the 
Great Strike of 1897/8.1 show how the development of the strike and the 
events leading up to it revealed hitherto obscured employer attitudes to 
technical education. 
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In chapter 91 analyze the foundation of the City and Guilds of 
London Institute from 1879, and how this particular development 
interrelated with government legislation an education in the period up to 
the close of the century. 
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7.0.0. intrnduc-tlr,, 
Historical accounts of 19th century technical education I have 
examined are characterised by a combination of the following predominant 
components in one form or another. 
Foremost, is the recurrent idea that In the second half of the of 
the 19th century there evolved a technical education 'movement' or 'cause% 
It is held that this 'movement' was initiated and led by far-sighted 
Industrialists and philanthropists who were motivated by the -need -to 
counter foreign economic competition. (Clapham1938; Ashworth 1960; Barnard 
1963; Adamson 1964; Argles 1984; Armytage 1964; Ashby 1965; Simon 1965; 
Xusgrave 1966; Sins 1981. ) 
Second, there is a strong emphasis an the attitudes of the trade 
unions and employers towards technical education and the apprenticeship 
system. Trade unions are said to be motivated by self-interest and are 
portrayed as indifferent or opposed to technical education. This 
Perspective, If the apprenticeship system is considered at all, views 
trade union attitudes regarding apprenticeship simply as archaic and a 
means whereby skilled workers sought to restrict entry and protect their 
artisan status. 
The majority of employers, It is argued, were also indifferent, if 
not actively hostile to technical education, and motivated primarily by 
the need to maintain their economic competitiveness. 
These theories tend to be one-dimensional. The idea that employers were 
solely concerned with economic efficiency and profits, without evaluating 
the implications of the prevailing laissez faire economic doctrines seems 
to me to be simplistic. It also crucially underestimates their influence 
or' technical education through the reorganisation of industrial work and 
the introduction of new methods of labour control. It is also too simple 
to assert that the trade unions were opposed to technical education. 
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The third set of ideas links trade union attitudes on technical 
education with an unquestioning acceptance of the separation of technical 
education from the workplace. This is reinforced by a notion of 
technical education as an extension of 19th century general schooling. 
(Jefferys 1945; Cotgrove 1958,1970; Argles1964; Armytage1964; Ashby1965; 
SizOn1965; Xusgrave1968; Parker et al 1975; Le Guillou1980). 
There is therefore an emphasis on the evolution of a technical 
education 'movement, ' separate from Industrial work and the apprenticeship 
system. Some writers argue the 'movement' provided an alternative to the 
traditional craft apprenticeship mode of training due to the 
apprenticeship being in decline. (Cotgrove1958; Xusgrave1966). The general 
argument is that the 19th century apprenticeship system had changed its 
traditional character and had little technical educational value . (Webbs 
1902; Cotgrove 1958; Liepmann 1960; Turner 1962; Clegg et al 1964; 
Flanders 1964,1970; Zeitlin 1979; Lee 1981; Sims 1981; More 1982. ) 
Most accounts, in varying degrees, stress the importance of the 
relationship between technical education and economic efficiency. Some 
also embody two further variants. First are those which focus on the role 
played by a small number of employers who provided what were known as 
'Company schools'. These were training schools set up within companies to 
provide general and technical education for their own young workers( 
Robertson 1974; XcGuffie 1986). 
Second are those which view technical education as a factor in 
sOcialisation. In this version it is argued that technical education 
served to engender company loyalty in young workers and reinforce the 
authority structure of the factory. (Robertson 1974; Joyce 1980; More 1982; 
McGuffie 1986. 
The main aim of this chapter Is to confront these recurring ideas 
in existing scholarship by exploring in detail the actual interests of 
different groups, the State, employers, and skilled artisans in the 
development of technical education. 
I turn first to accounts which stress the influence of prominent 
people, sincere and at times philanthropic, but primarily motivated by the 
fear of foreign economic competition, who Instigated a technical education 
I "Ovement'. 
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7.1.0. 
ThP Tdpa nf A Ti-chnie-. ql Education 'Movement'. 'South Kensington' 
d the Great Exhibitlong. 
Historical accounts of the origin and development of technical 
education invariably focus upon the significance of 'South Kensington' on 
the origins of such development. The government department responsible 
for education in schools was located In South Kensington. After 1878 the 
City and Guilds of London Institute was also centred there in the form of 
the Central Institute which began operations In 1880. Thus a common 
argument is that a technical education 'movement' had its origins in this 
source. 
The period from 1851 was presumed to have marked the beginning of 
the 'movement' and was characterised by the Great Industrial Exhibitions. 
Two Exhibitions in particular figure in accounts of the development of 
technical education, those of 1851 and 1867. 
Cotgrove(1958) cites the 1851 Exhibition In London as a main 
stimulus for a technical education 'movement', and argued: 
'... the threat to Britain's Industrial pre-eminence (was) first 
apparent at the 1851 Exhibition ... (and) provided one of the 
strongest arguments for supporters of technical instruction ... I (P. 19). 
Argles(1084) asserting that the Department of Science and Art at South 
Kensington was the 'cradle of technical education', maintained that the 
'spirit of South Kensington has shone over technical education for over 
one hundred yearsl(p. 12). 
He also held that after the Great Exhibition of 1851 a technical 
education 'cause, evolved and gradually gathered momentum in the second 
half of the century: 
'... the cause of technical education in England made more rapid 
strides forward than It had done In any period so far'(p. 31). 
Thur. the 'movement, got under way and the stage between 1881 and 1884 
was heralded by the trumpet blast' of the appointment of a Royal 
Commission In 1881 to inquire into the provision of technical education 
in England (Argles op. cit. ). 
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Adamson(1964) also locates the' origin of technical education -in Soul 
Kensington with the formation of the Central Institute of the CGLI. Aftel 
Its foundation, he argues there was a ripple effect, 
'... the movement in support of this kind of institute (spread)... (it) 
was taken up by Birmingham, Manchester ... and other cities in the industrial areasl(p. 42). 
Armytage(1964) and Adamson(1964) single out the 1867 Exhibition ir 
Paris, and emphasise the way it stimulated the foundation of provincial 
Institutions of technical education. One of the consequences of the 
Exhibition, Armytage argues, was that it forced a technical education 
'movement' into being. There was, he said, 
I ... a movement that stirred following the convulsive therapy of the 1867 Exhibition.. . '(p - 163). 
Another writer, Raines(1958), had previously provided a more -specific 
focus. In the two decades up to 1887, the impetus for the foundation of 
Institutions of Itechnolgy and education' in England stemmed principally 
from German economic competition, the direct effect of which was to focus 
the employers' attention on the 'more ... immediately and discernibly 
profitable technical education .. . '(p. 236). 
Ashby(1965) also argued that It was the fear of economic 
competition from Europe that proved the 
I ... mainspring of educational reform in England ... I (p. 784). 
According to Ashby, this stimulus from Europe prompted certain 
industrialists to take an active Interest in technical education, 
'Undustrialists) ... raised their voices in advocacy of technical education ... 9 (p. 785). 
Accounts which focus in this way on technical education development 
substantiate the prevailing orthodoxy and attribute the rise of technical 
education to a response to the political pressures of economic decline. A 
Main source of these pressures was the Exhibition jurors' reports 
covering the various industrial categories exhibited by the competing 
nations# and published a short while afterwards. 
Cardwell(1972) stresses how a technical education 'movement' in 
England evolved in response to criticisms from English jurors, the main 
focus of which was that by the 1860s Continental countries were 
technologically 'superior' as shown by the exhibits at London and Paris. 
As Cardwell put it, 
-196- 
'... the Great Industrial Exhibition of Paris'In 1867 ... revealed a state 
of affairs highly discreditable to England ... as a result there 
was ... near panic and a movement was initiated ... this was the technical education movement' (p. 111). 
Herward(1980) maintains the Department at South Kensington was one of 
the most far-reaching developments which followed the Great Exhibition of 
1851. But she also argues, correctly in my view, that a concentration an 
increasing State intervention and an emphasis upon legislation and 
administration has led to Ia neglect of intellectual movements and 
voluntary organizations ... I (P. 103) 
The Society of krts, according to one source, provided the forum for 
one of the most Influential independent groups associated with the 
technical education 'movement' (Bailey 1983): 
'During the 1880's the movement became more recognized as a 
group... ' (P. 57). 
The main impetus for the 'movement' after the 1880s and 1870s 
came from a group of people who were associated with the Royal 
Commission on Technical Instruction in the period 1881-4: Xagnus, Swire 
Smith, Woodall, Slagg, and Samuelson. I examine the effects of this 
Commission later in the chapter. 
Thus existing scholarship, influenced by evidence from the Great 
Exhibitions. emphasizes the growth of a technical education 'movement, 
impelled by the lack of economic competitiveness on the part of British 
Industry during the second half of the century. It assumes a clear 
relation between science, economic performance, and technical training. 
Critical to these studies, stressing economic competitiveness, is a 
consensual notion Of technical education structured solely to meet the 
needs Of Industry through the Improvement of labour efficiency. 
Adamson(1964) argues, 
'The aim of (technical education) Is not culture but 
ability ... technical schools must be carefully suited to 
the particular 
trades resorting to them ... '(p. 405). 
Xur-grave'sam) position seems to extract technical education from 
culture: 
' The demand for transmitting a society's culture through technical 
education as such is almost non-existent... '(p. 173). 
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From another perspective, Roderick and Stepbens(1978), suggest a 
Cultural bias against technical education which may be partially 
accounted for by the composition of the governments In the period: 
,... men... steeped in the ... tradition and ideology of the Public schools 
and Oxbridge ... l(p, 167/8). 
They assert that the exclusion of professional scientists and 
technologists from the essential decision-making processes 
'.... meant that the last word was with the amateur... '(p. 169). 
7.1.1. 
Xost accounts, In the main, emphasize economic lefficencyl models of 
technical education, and stress the way force of foreign competition 
stimulated the interest of key public figures, 
I ... who have spoken for technical education ... (providing) ... the two 
main stimuli towards technical education throughout the 19th 
century' (Xusgrave(1966) p. 177). 
The association of prominent people with the rise of technical education 
Pervades most of the literature. it permeates accounts which emphasize 
the evolution of a, technical education 'movement'. 
Cotgrove (1958), presents such a model and writes of an unambiguous 
development of technical education. Accordingly, technical education 
evolved steadily throughout the century, and by 1851 'many important 
features of the system had already emergedl(p. 15). By 1882 the broad 
Outlines of the development were 'largely determined' (p. 15). 
There seems to be little doubt in Cotgrove(1958) that the main 
stimulus for the 'movement' was direct and came from scientists and 
Philanthropists. He argues, 
'NOst support for technical education seems to have been forthcoming 
from scientists- men such as Huxley and Spencer... '(p. 22). 
The Influence of public figures on technical education development was 
strengthened by the imputation that from the 1880s the 'movement' 
gathered momentum and progressed, despite inertia and opposition. For 
example, writers such as Argles(1964), Ashby(1965), Kusgrave(1966) and 
C-heckland(1977), maintain it evolved thoughout the century, regardless of 
indifference and opposition. 
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Argles(1964), without specifying the 'tide' of opposition, , refers tc 
a '... handful of prophets', Lyon Mayfair, T. H. Huxley, Bernhard 
Samuelson, who 
I ... campaigned ceaselessly (for technical education) ... against the tide 
of the tine ... I (P. 136). 
Armytage(1964) argues the 'movement' was stimulated by figures such as 
Xatthew Arnold who was, 
'ceaselessly pointing... to the growing demand for technical training 
for the lower classes' (p. 163). 
Focusing on resistance to technical education Ashby(1965) puts the view 
that technical education was hampered in its progress throughout the 
century. There was, he said, 
I ... one frustration after another ... there was a massive inertia 
against all educational change ... inherited from the 18th 
century ... ((p. 794). 
Xusgrave maintained 'there was a constant hinderance to the advance of 
technical education throughout the period ... ' (Xusgrave(1966)p. 180). 
VhIle Checkland makes the point: 
'... the resistance to ... a technical education system 
was-powerful ... I (P. 9 1). 
He also refers to Influential industrial figures who promoted technical 
education, adding that these Industrialists, or 
I ... rather an innovating minority among them, had provided both the Initiative and the resources for the inventions that underlay 
QCQnQmjC growth ... 1(12.91). 
Even Simon(lg65), who usually takes a more radical position on the 
development of l9th education and technology, adopts this perspective. He 
highlighted what he maintained was the connection between eco I nomic 
considerations and the technical education initiatives of prominent 
People, 
'It was an awareness that industries an the continent benefitted 
materially from ... higher education that 
led advanced industrialists 
such as Ironmaster Bernhard Samuelson, scientists of the calibre of 
Lyon Playfair, T. H. Huxley, and H. E. Roscoe (to) cooperate In urging the 
extension of scientific and technical education... '(p. 165) 
Simon further argued that in continental countries educational 
developments paralleled technological developments. The poor quality of 
English education, he said, 'worsened the country's industrial position' 
Vis a vir- Europe. (loc cit). 
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According to many accounts therefore the interest of key- 1igure 
such as Playfair, Huxley, Roscoe and Samuelson was central to thw 
technical education 'movement'. Musgrave(1966) said they kept the 
smovement' before the public eye, when, but for them, 
'... It might have been forgotten ... I (p. 177). 
Some writers argue that the passing of the 1889 Technical Instruction Act 
set the seal an the Inovement's' bias towards a part-time pattern. 
Barnard(1963) takes this view with reference to the 'movement' receiving 
a boost as a result of legislation: 
'The Technical Instruction Act (allowed) technical Instruction In day 
and evening classes to be provided ... the movement received 
ar-sistance. '(p. 179). 
Vard(1973) held that pressure from influential people had a broader 
function than advocating the provision of extra classes for technical 
education; It also generated political support for the 'movement', such 
that, 
... the Liberal identification with cause of technical education was 
complete In 1881(p. 34). 
Clearly these views discount much of the influence of voluntary 
organizations such as the Sunday School system, and artisan educational 
initiatives earlier In the century. 
7.1.11 
-Prnbleims of 'Short-Termlsm' 
prnjpctions fnr a lAtionAl System 
nf Tee-hninnl PritieAtinn. 
Ashworth(1963) and Gowing(1978) offer a variation on the economic- 
efficiency models. Ashworth(1963) advanced the view that the fear of 
foreign competition was adequately met without a technical education 
system: 
With all Its technical shortcomings and its retention of many 
Practices that were not the last word in modernity, British industry 
seems to have been fairly well adapted to current needs and 
practices' (p. 107). 
GOwing accepts all Orthodox position regarding the relation between 
education and economic performance. But she also argues that while 
'objective economic factors' were important In Britain's industrial 
decline, Industrialists 
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'-wanted neither to pay rates nor dip Into their own pockets ... tc 
pay for technical education' (p. 6). 
GOWing's argument here differs from other economic accounts for she 
maintains that the position taken by English employers was economically 
rational. She says, 
'Britain had achieved so much In the early 19th century with so 
little education that she felt no need to create the educational 
infrastructure which her potential competitors were building In 
advance In advance of their Industrial isation I (p. 14). 
Such a view provides a partial explanation for a loss of impetus in the 
technical education 'movement'; but more common Is the view that It was a 
lack of direction. Cardwell(1972) holds that after its Initial boost the 
'movement' began to waver, due, it was argued, to the lack of clear 
directives on the part of the leaders of the 'novement'. There was, 
'... a curious vagueness surrounding the ideas of the leaders of the 
movement that makes it dificult to specify ... I (p. 187). 
The explanation of this imprecision on the part of the leaders, 
'according 
to Cardwell, was linked to the problem of the definition of technical 
education: 
'It seems to have been the case that many enthusiastic advocates (of 
technical education) reduced themselves to proclaiming "we cannot 
say what technical education is, but we must have it"' (p. 158). 
These rationalizations seen to me to beg a number of questions: If the 
maximization of profits represented rational economic behaviour, how can 
the apparent irrationality accompanying the decline of the skilled 
artisan class be explained? Was it possible to articulate clear objectives 
for technical education if the context of technical education was unclear 
and ullfcrnulated? 
In addressing these, questions I have shown that the evidence from 
the 1850s demonstrates that the employers' desire to maximize profits 
was pre-eminent in the organization of work [Vhitworth(1854,1868), 
Nasnyth(1868), Anderson(1884), Donnelly (1868,1884)]. 1 believe It has also 
been shown that control of the labour process was inextricably linked 
With profit seeking. 
Writers such as Asworth(1963) and Gowing(1978) point up the -issue 
Of economic rationality an the part of employers by focusing on the 
employers, singular pursuit of profits. But they omit to explain the 
decomposItion of skills underscoring the contraction of skilled artisans. 
1(Y view is the development of technical education needs to be seen 
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against the background of this apparently contradictory economic 
behaviour and also against the government's position on mass 'general 
education from the 1870s. 
Over twenty years after the complusary education Act of 1870 the 
State was still slow to accept that it had a significant role in mass 
general education. The Bryce Commission of 1895 reported -on the lack of 
clear objectives, administrative fragmentation, disorganization and 
frequent overlapping of educational resources. Government however plainly 
believed that technical education, despite the prevailing conception that 
It was an extension of general schooling, was more consistent with 
management under market forces. It also believed that-employers embodied 
laissez faire policies congruent with Its own. This assumption proved 
correct as employers sought to boost production, Increase profits, and 
extend control of the labour process. 
The ambiguity of the government's position lay in the assumption 
that short-term rational economic behavior by individual employers would 
be consistent with a rAtInnal policy for technical education. 
The rationale behind this ambiguity is not difficult to discern. 
Evidence from the 1850s and 1860s on (Small Arms Commission (1854); 
R-C on T. U(1868); and the later R. C an Technical Instruction 1884) points 
to the government's belief in the workings of the market with respect to 
technical education. According to this logic, demand for technical 
education would call forth appropriate supply; if demand was not 
forthcoming supply would respond accordingly (The Times(1868), Playfair 
1869), Forster(1870), Lord Armstrong (1872,1888), the Times(1896/7)]. I 
expand on the relation between market forces and educational development 
In chapter 10 below, where I examine the various pieces of legislation 
relevant to technical education up to the turn of the century and in the 
first decades of the 20th century. 
A commitment to laissez faire economics, a dominant feature of 
Victorian Britain's affairs vis a vis rising industrial competitors, 
therefore precluded State intervention in technical education 
developments. At the same time there was active encouragement of 
employers in terms of profit seeking through labour substitution and 
Implementation of new technologies. 
Consensualist accounts of technical education development, in the 
main, do not consider the economic and wider social Implications of work 
reorganization. They thus ignore the significance for technical education 
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that laissez faire economic behaviour In the market, of which technical 
education was assumed to be part by government, was essentially short 
term. But - the goverment's position was that the national interest 
demanded long-term projections for skilled labour (R. C. (1884), R. C. on 
T. 1(1892), Bryce(1895). In the period from the 1850s, well Into the next 
century, there was no perception Us there now? ) that a neglect of 
technical education, by the State and employers, arose out of 'short- 
termism'; clearly a by-product of laissez faire economic policies. 
7.1.11 (a) 
Thfm rnnL-Ppt of a Tachninal Rducatinn 'Movementle Problems of 
7)1-flnltlnn 
Cardwell's (1972) case that pioneers of 19th century technical 
education were not entirely clear what was meant by technical education, 
parallels definitions implied In existing accounts. 
Definitions of 19th century technical education Invariably framed in 
terms of economic competition, seem to me to be tautological. VIth their 
emphasis an economic efficiency, the need for which Is considered self- 
evident, there Is an assumption that the technical education 'movement' 
continued throughout the century, even against opposition, because 
economic competitiveness demanded It. 
There is too much reliance in these accounts an the apparent self- 
generating properties of the prevailing education system In 19th century 
England. Questionable also is the assumption that the formation of the 
City and Guilds of London Institute In the 1880a, logically fitted an 
expanding school system under the Science and Art Department at South 
Kensington. 
As I shall show later, In chapter 10, the CGLI was basically an 
examining body with a structure Inherited from the Royal Society of Arts. 
I believe It unreasonable to assume that It should effectively constitute 
a body responsible for technical education On a national scale. The CGLI 
was formed out of the old Livery Companies, with a tradition of 
monitoring craft standards in the various artisan trades. The predominant 
historical influence was naturally the Individual crafts which they 
represented. Existing accounts of technical education, in not fully 
acknowledging the historical traditions and relatively narrow perspective 
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of the Livery Companies, overstate the case for a technical education 
'Cause' or 'movement', rooted so firmly In the foundation of the CGLI. 
The evidence leads me to the view that the Science and Art 
Department at South Kensington was neither ideologically nor financially 
committed to technical education I relying. for example, an funding from 
external sources such as the 'Whisky Xoney'in the 1890s. The Department 
could not be said to be fundamentally aligned with a technical education 
$movement'. 
With the exception of the lobby exercised by the Initiators of the 
1881-4 Inquiry, the generality of 19th century employers Is mainly 
regarded in existing accounts as apathetic or hostile to technical 
education. A combination of factors therefore seem to ice to undermine the 
Case for the origin and development of a technical education Imovementli 
The Inadequacy of technical education definitions, an apparent Inherent 
Inertia against technical educations the questionable assumption that 
technical education evolved simply from existing school provision, and 
the 'Indifference' and #hostility' of trades unionists and employers. 
With regard to the Imovement' therefore, it must be concluded that 
the influence of prominent figures, scientists and philanthropists, 
appears to have been over-dramatized when considered against the 
educational and Industrial developments of the period. 
The particular emphasis on the influence of prominent public figures 
In these accounts has a certain logic however, if the assumed resistance 
of major groups such as the trade unions and the hostility of the 
majority of employers against technical education are further analyzed. 
I next examine the attitude of the craft unions and employers to 
technical education as argued In existing accounts. 
7.2.0. 
-Emplny, -r And 
Trada Unimn Attittielen tn TL%chrilcal Vdim-atImn? 
A Carýn of jRAljle'tAnCQ mnd Obotruc 
Accounts which Include examination of the later-relation of trade 
unions, employers and technical education argue, with some notable 
exceptions, that both the employers, and the craft unions were 
aPathatictindifferent and even hostile to technical education. This 
attitude serves to Justify the accounts' acceptance of the inevitable 
reparation of technical education from work and, In particular, the 
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apprenticeship system. This, - In turn, strengthens the argument that 
technical education was an evolutionary development arising out of the 
existing school structure. 
Cotgrove(1958), for example, attributes the slow growth of technical 
education from 1851 to I ... the apathy and hostility of Industry In general 
towards technical education ... (p. 30). 
Later he states, ' ... there Is evidence of distinct apathy towards the 
technical education of the workerl(p. 81). 
Liepmann (1980) in her comprehensive analysis of the craf t 
apprenticeship system argued that 10th century employerig had a very 
limited view of technical education which they also carried over to -the 
next century. She attributed this to the basic economics of training 
costs : 
'Employers bear the cost of training and tend therefore to couf ine 
the training of apprentices to the skill required for the job which 
each is intended to do in the firm's service' (p. 192). 
The Implication of Llepmann's view is that employers were not necessarily 
Committed to a general notion of technical education, but Inclined to 
limited training within a relatively narrow range of skills appropriate 
to individual companies: company-specific skills. 
Armytage(1981,19e4) enlarges on such a theory and represents a 
common perspective in technical education histories embodying a narrow, 
ecOnOmistic approach. But he also argues that most employer were actually 
Opposed to technical education on the grounds of preserving company 
sercrets, '... even though they should have profited by (it) ... '(1964 p. 167). 
He goes an to argue, 
'... the fear (that) trade secrets ... exclusive to a company... could be revealed in class discussions ... was a real stumbling block to 
any effective system of technical education' (1981,1984, pp. 230,168). 
A rational economic approach, In which employers are portrayed as over- 
zealous In their attempts to protect their trade secrets and restricting 
the training of workers to a narrow range of skills, is taken up by other 
writers. Robertson(1974), for example, in his study of 19th century 
shipyards holds that employers were reluctant to support technical 
education because, 
'... the industries ... were highly dependent upon skilled trades which 
could beat be learned through on-the-job training' (p. 222). 
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Furthermore, by concentrating an the cultivation of a limited range of 
manual skills only, the employers were able to avoid the cost of 
providing technical schooling and to 'obtain a more productive 
workf orcel (P. 223). 
The perspective presented here Is different from most accounts In 
that Robertson argues the apprenticeship- type training was an alternative 
to technical education. 
Zeitlin(1070) in a comparative study of the 19th century engineering 
and printing Industries similarly argues that employers were circumspect 
regarding education and training for skilled work and used skilled 
workers only as long as they perceived a need for then. 
Focusing on the employers' calculative approach to technical 
training he maintains they were not concerned with technical education or 
long-term planning with respect to labour, so much as reproducing 
sufficient labour to meet Immediate production needs. 
Vith reference to machine manning, for example, he holds that 
employers' sought the most economical use of machines rather than 
providing systematic technical training for skilled nachine tool 
operations: 
'... the employers believed the use of less skilled and lower-paid 
labour essential to the profitable operation of the (new) 
machines ... I (p. 268). 
Lee(1981) emphasizes the employers' narrow, Instrumental approach to 
skilled labour reproduction, arguing what survives of the apprenticeship 
system is due to the fact that it 'had the tacit support of the employers 
over the years ... I (P. 68). 
He also stresses the employers' primary concern with Immediate 
prOductiono an approach which clearly influenced their attitude towards 
technical trainingt 
'... the content of training hat; essentially been fixed by the 
immediate production needs of individual f Irma... ' (p. 72). 
Justification for this kind of perspective also rests upon the assumption 
of the obstructive attitude of the trade unions to technical education, I 
examine next accounts which perceive the unions' attitude in this way. 
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7.2A. 
Trade union attitudes to technical education are often portrayed as 
Indifferent or actively in opposition. The unionised workers, I. e. the 
skilled workers, are said to have been concerned only with their own 
sectional interests. 
The Vebbs(1902), despite their advocacy of workers' education, 
provide one of the earliest illustrations of this kind of approach: 
'Notwithstanding their almost infinite variety of technical detail, 
trade union regulations may be reduced to economic devicesi 
Restriction of numbers and the Common Rule, '(p. 704). 
Clapham(1938) held that trade union Interest In trade training was narrow 
and embodied little notion of technical education. Trade exclusivity was 
the hallmark of the unionists; they were intent an restricting access; to 
Jobs traditionally done by artisans: 
'For a whole generation, from the fifties to the eighties, the A. S. B 
(the Amalgamted Society of Engineers). had tried without affect to 
exclude unapprenticed men. After that the attempt was 
abandoned. ' (p;. 326). 
Liepmann(1980) argued that union attitudoo were related to the way 
skilled workers perceived the effects of increasing mechanisation on 
their artisan status. Two effects were said to Issue from the restriction 
of entrants to the tradet 'First It chocked the substitution of cheaper 
labour for the craftsman's, Second, It regulated entry Into the skilled 
trade. '(p, 17). According to Liepmann this emphasis on restriction by 
skilled workers was also influenced by the employers' rearganisation of 
work which created a situation in which, 
'... the old type skilled craftsman has disappeared and been replaced 
by a man who is essentially ... seni-skilled. '(p. 21). 
She thus argued that the educational element In the traditional 
apprenticeship became Increasingly redundant through progressive 
Mechanisation of production. As she put Ito 
'Fifty or sixty years ago ... skilled workers required considerable... 
Intelligence, a very high degree of trained Sensitivity of certain 
senses, highly efficient eye-hand coordination ... together with literacy and an acquaintance with arithmetic ... the Increased degree 
of automaticity of machines, greater standardisation ... have rendered 
obsolete some of the craftsman's specialised knowledge ... e(p. 1g). 
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Turner(1982), presenting, In my view, a limited perspective, 
maintained workers were skilled or unskilled, 
'according to whether or not entry to the occupations lei deliberately restricted and not according to the nature of the 
occupation itself I (p. 84). 
Clegg et al(1964) also put much emphasis upon the unions' restrictive 
practices. They argued, 
'It was the first objective of the Societies to turn this custom 
(traditions of apprenticeship) Into a universal and uniform rule so 
as to exert a firm control over the size of the labour 
force... I(p. 184). 
Flanders(1964) also argued that the apprenticeship controlled not 
standards, but numbersi 
'For craft unions the main purpose of an apprenticeship was to 
regulate entry into the trades they organised. It was one of the 
buttresses of their basic device ... 'the restriction of nunberal(p. 184). 
He held the same views later arguing union Interest In the apprenticeship 
was, I ... mainly directing entry to the trade ... 1(p. 284). 
Xusgrave's (1987) position was that trade unions were 'never 
wholeheartedly in favour of technical education' (p. 106); being over- 
concerned with the supply of labour, they neglected the educational 
aspects of the traditional apprenticeship system. He said, 
'The influence working against technical education was the attitude 
Of the trade unions towards the apprenticeship... to the unions the 
apprenticeship carried few educational implications' (p. 71). 
Many accounts of technical education and studies of apprenticeship and 
union apprenticeship policy. thus present a view of 19th century unions 
as oppposed to technical education and over-concerned with protectionism. 
My analysis has revealed another picture. The unions were tot 
Indifferent to technical education but were actively debating It as part 
of the issue of apprenticeship, particularly the ramifications of its 
decline, as early as 1868 (T. U. C 1888 Reports). The evidence also clearly 
shows that throughout most of the 19th century the unions were on the 
defensive, engaging in a series of struggles over the employers Ilabour 
control strategies, particularly the substitution question. Their case 
against the continuing decline of the apprenticeship system was that 
technical education should be regarded as an extension of the 
apprenticeship and not abstracted from It. 
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Arguments relating 'to union opposition to technical education serve 
to Justify theories that any form of technical education evolved separate 
from the workplace. The main assumption Is that technical education was 
an extension of general schooling. 
In view of its separation from the workplace and Its location in the 
school system, for example, in the 'continuation' school, It was clear that 
technical education, on this basis, would evolve an a part-time, evening 
pattern. The practice of 'day-release' to enable young workers to attend 
classes outside work, during working hours, was virtually non-exIstent In 
the 19th century. 
Existing accounts unquestioningly accept the Inevitability of a 
part-time, evening class pattern of technical education from the 1880s. 
7.3.0. 
In support of this theory many accounts draw upon evidence relating 
to prominent figures associated with Its early development. Huxley, one of 
the Inaugural committee members of the CGLI, for example, clearly 
advocated a part-time pattern. He argued the demands of Industrial work 
took precedence over theoretical classesi 
'... If they were not to tap the reservoir of labour needed In the 
great manufactories ... the only way was to augment the apprenticeship with evening classes, but these would have to be locall(Quated in 
Lang (1978)p. 17) 
An early 20th century version of this theory Is provided by Sadler(1907), 
who equated evening classes with econtinuation schoolal. According to this 
view these types of schools were favoured as a means of technical 
education, particularly in towns where small workshops prevailed. He said, 
'The main Impulse to the (technical education) movement for tho 
increase of technical continuation schools, has come from towns in 
which the small workshop has held its own against the advance of 
the factory system ... 14.532). 
A Board of Educaticm report of 1909 conf Irmod this view : 
'The usual combination of workshop and school In the preparation for 
Industrial work assigns the evening only to school and requires the 
young worker during the day to give full-time attendance In the 
workshop ... evening classes have provided an open avenue for talent ... I (para. 98, p. 83). 
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Cotgrove(1958) accepts these early interpretations and arguess 
I ... it Is difficult to see how, under the circumstances ... technical 
education could have developed other than as an extension of night 
schooll(p. 66). 
Cotgrove's case Is that the #circumstances' In question were the *apathy' 
of industry and the indifference of the workers towards technical 
education, and a lack of technical qualifications among anagersi 
'It Is the position of the scientist in the management hierarchy 
which Is the key to the apathy shown towards science and 
technology ... only a minority of the total directorate were technically qualified'(p. 93/991). 
I find this argument restricted. Other factors that night also have been 
equally crucial to the ocircumstances, governing technical education 
provision and management attitudes to science and technology are 
unexamined. I have shown above that the Implementation of now machine 
technologies by the employers, and their widening of control over the 
labour process, to be highly significant developments, representing 
radical changes In labour control and training. 
Generalized accounts of technical education provide to disussion how 
new technologies, Increasingly based an autonatic principles, largely 
eliminated the employers, historical dependence upon highly skilled 
workers; and how the pattern of training was changed following the 
Introduction of new types of machine tools. They thus fall to acknowledge 
the significance of the fact that employers were wall placed, for the 
first time in the history of metal working, to perform complex 
Operations, with accuracy, an machines using unskilled labour. 
Unlike many accounts Cotgrove does address the fundamental Issues 
Of the nature of employer control, but he provides Insufficient analysis 
Of how their control over the development of advanced technologies 
radicalized their attitudes towards the whole question of technical 
education. I believe the evidence shows that it reinforced the majority of 
engineering and general employers In the belief that technical training 
and education were irrelevancies in the drive to Improve production and 
thus, a small minority excepted, technical education was marginal to their 
Concerns. 
This prompts the question how was It possible for enployers to 
adequately transform (decompose) machine production, maintain and even 
Increase, production with a minimally trained labour force? 
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A recent analysis suggests that the innovative companies In the 
period were, In fact, directing technical education at an upper echelon of 
employees who would, 
I ... undertake more stringent and scientifically-based supervisory 
duties ... (thus) adapt(Ing) to the new economies of fixed capital investment and to the need for a more Intensive utilisation of 
labour-power in direct production ... 1[XcGuffIe(1Q80)p. 1411 
XcGuffle's analysis is one of the few I have read that acknowledges an 
Interrelation between developing technologies and the development of 19th 
century technical education. But his main thesis seems to me 
technologically deterministic; there Is an abstraction of the use of 
technologies from the ideology of the employers Implementing them. He 
writes, for example, of the sundnrlying-fripulen(ny emphasis) of technical 
changel(p. 152), as being the breakdown of general or Istandard' machine 
tools into 'Multi-purpose mechanisms'. This Is critical for his analysis, 
for he says, 
'... (multi -purpose mechanisms) ... allowed for a decomposition or 
simplification of the mental and manual facilities applied In direct 
production..., (p. 152). 
The Inherent technicism in this analysis is evident when the 
Interrelation between technologies and technical education Is articulated. 
At one point he says, 
'.. the underlying principles ... affected all sectors of 
the labour 
process and made their Impact an the entire . engineering 
Industry... ' (p. 153). 
At another, Is his assertion that technical education prov1siont 
represented a serious and successful attempt to provide for the future 
skilled workforce; 
'... Ut) represented a concerted effort to Integrate and develop the 
private and public dimensions of the capitalist regulation of 
skill ... 1(142). 
But the main thrust of XcGuffie's own argument is that only a very 
limited number of companies displayed more than a passing Interest In 
technical education. These, in the main, were concerned not with 
reproduction of generalized work skills, but conpany-specif ic 
skIlls(pp-139-144). One imputation to be put on *the private and public 
dimensions of the capitalist regulation of skill" suggests, not so much 
employers' interest in training skilled labour, as management actively 
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seeking ways to replace it with cheaper labour and automated machines, In 
order to extend control and further increase profits. 
7.3.1 
I have shown in my' previous chapters on the development and 
Implementation of new technologies the regulation of skill was contingent 
UPOU management strategies, particularly their persistent attempts to 
replace skilled labour through a policy of substitution. The evidence I 
have examined thus leads me to a different conclusion from 
XcGuffie(1986). The Implementation of technology was a political as touch 
as a technical phenomenon; and the relation between technology and 
technical education clearly Interrelated within the framework of skilled 
labour reproduction. In the light of XcGuffle's assertion about technical 
education being Isuccessfull. the question arises, Isuccessfull for whom7 
Technical education was 'tolerated' by employers in so far as it 
remained isolated from workshop procedures. The location of technical 
education in evening classes was a logical extension of the employer- 
Imposed condition that production should remain uninterrupted. The 
organiGation and structure of technical education Is thus accepted In 
consensual accounts as part of the continuation school, which, In turn, 
functions to meet the needs of the wider social system. A pattern of 
technical education, based an a part-time principle fitted the needs of 
employers, seeking to prevent loss of labour time through absence of young 
workers at classes. 
Cotgrove(1058) recognized this development In part and drew upon 
evidence from a 1911 survey to substantiate the view that 'part-time, 
technical education actually meant evening classes. According to the 
survey, in lgll there were just over fourteen thousand day students in 
technical Institutes, and 765 thousand evening etude ato (Cotgrove p. 68). 
'... technical education In Britain is ... predominantly part-time In 
nature, mostly in the evenings . '(100-cit) - 
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Robertson(1974) examined employer attitudes to technical education 
during the period 1883-1014. He concluded that employers favoured a part- 
time system because It would not Interfere with the development of basic 
skills for their workers; and would not Incur extra costst 
'They were unwilling to believe that there were any benefits to be 
gained by making any significant adjustments In established 
patterns of work organ isa t Ion. I (p. 223,224 
This encapsulates the views put forward in more generalized accounts 
which embody a consensual notion of both education and technology, 
perceived as evolutionary developments. 
The prevailing assumption is of a neat Interlocking of technical 
education and the social system and is evident In writers such as 
COtgrove, and Liepmann. - 
'The demand by industry was matched by the output of the 
colleges... '(Cotgrove p. 78). 
For Liepmann(1980) technical education was theoretical and examinable, 
something carried an outside the factoryl 
'Technical education for craftsmen had developed since the middle of 
the l9th century under the influence of examinations conducted by 
the .. Science and Art Department and 
by the City and Guilds of 
London institute. ' (p. 38). 
Curtis(19163) adopts Sadlerls(1902) model of continuation schools in the 
period. He also maintained that technical education was noulded by the 
examinations of the Science and Art Department and the CGLIt 
'Evening technical schools were developed side by side with evening 
continuation schools. ' (p. 500). 
More recent studies focus on the separateness of technical education In 
this way, emphasising Its abstraction from work. Parker st al(1975) take 
this approach: 
'Technical education to extremely heterogeneous and Is carried on in 
a variety nf edue-Ational tIntabli0ahmi-MU ... I (p. 34). 
I acknowledge that Parker et al examine the current (1075) situation, and 
do not provide an analysis Of 19th century mechanical engineering 
employers. But their argument that the apprenticeship, I ... changed little 
since the Xiddle Ages ... l(p. 35)6 exemplifies a common 
distinction found In 
existing accounts between craft apprenticeship and technical education: 
'The apprenticeship system (18) a nakeshif t, class-ridden, 
Inadequate, anachronistic contract which perpetuates naster-servant 
relationships ... '(Quoted on p-35), 
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Xost accounts concur in the view that by 1902 the part-time, evening 
pattern of technical education had become Institutionalised. 
Le Guillou(1981) holds that, 
'Technical education at that time remained largely concerned with 
part-time education provided for the lower wage earners ... l(p. 181). 
This is similar to Sins(1061) who argues, 
'In late Victorian England ... it was commonly accepted that engineering was for the artisan ... who was catered for In evening 
classes, (p. 146). 
Roderick and Stephens(1970) provide a singular note of criticism when 
arguing that the part-time system of technical education represented Its 
main deficiency. They maintain, 
lechnical education was bedevilled by the 'evening class' complex 
which persisted well into the 20th century. ' (p. 103). 
Vith few exceptions existing accounts of technical education accept 
without reservation or qualification that, by the turn of the 
19th century, It had been consolidated into a part-time, evening pattern. 
The dominant notion is technical education abstracted from the workplace 
and the apprenticeship system. There is a narrow concentration an Its 
evolution as part of general education, conceived as a limited form of 
education undertaken outside the workplace. The appreaticeGbip Is not 
regarded as embodying any educational character, technical or otherwise. 
The essential characteristic of technical education Is perceived as 
theoretical and examinable, and by definition, exclusive from work. 
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7.4.0.1 - 
TL'e'hnie, Al Education Viewift-d-an a Factor in thn Sm-ilmli? ntimn 
of Younv VnrkerA3. 
The main emphasis In much of the research an technical education 
develpoment is on the Influence of concerned philanthropists and 
'enlightened' industrialists who Initiated a technical 'movement' during 
the 1870s and 1880s. The motive for this Innovation was said to be the 
need for economic efficiency and the fear of foreign competition. 
Some also stress the socialising effects of technical education. 
This Is Illustrated with reference to 'enlightened' employers who provided 
technical education for their young workers in the form of *In-company 
education, or the 'Company School'. 
The main source for this approach Is the Royal Commission an 
Technical Instruction of 1884 which highlighted the work done In this 
respect by certain employers. In the final report it referred toi 
' The schools established by Sir V. Armstrong at Elswick; by the 
London and North Western Railway Company at Crewe; and those of 
Messrs Mather and Platt of Salford In connection with their 
engineering works, testify to the Importance attached by employers 
to the theoretical training of young mechanics ... l(p. 513). 
In some f irms attendance at the Company School was a condition of 
employment. This was the case at the Sallord Ironworks of VLllian Xather, 
also a Liberal X. P. The school was founded In 1873 and was the first of 
Its kind (R. C. on T. I. 1884). It continued until 1005, and during that time 
Instituted Its own certificates, the Salford Ironworks Certif Icatel. (Cowan 
(1969, p. 41). 
Although this kind of employer Initiative was noted with approval 
in the 1884 Inquiry it would appear that the Incidence and spread of the 
company schools was very limited. By 1884 the only schools of the kind 
were those mentioned specifically In the Inquiry and one school In 
SC-Otland, at the Denny shipyard In Dunbarton. ( R-C-on T. I. p. 514). However, 
the notion of the imarallsing effects Of technical education finds a place 
In more generalized accounts. 
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In an early study Dabba(1919)'o advocating a later familiar theme, 
argued that the Inovement' for, technical education, which began with the 
Xechanics' Institutes, had a morallaing rather than an educational 
underpinning. He said, 
'Vhat gave the movement Its Initial Impulse, was not so much the 
thought of commercial expediency, as a desire to cultivate the minds 
of the artisan class ... l(p. 173). 
A government paper of 1020 observed that one company welconed the social 
effects of technical education : 
'One great firm which definitely promoted the technical and 
scientific instruction of its employeeso found that the classes 
developed thought and Intelligence, fostered steady and ýstudious 
habits and raised the tone of the students ... '(Board of Education, 
Pamphlet 49, p. 41. 
Cotgrove(1958) also argued that technical education Involved a 
60ciallsing element i 
'The extension of technical Instruction In , 
the polytechnics and 
elsewhere was the outcome of efforts to elevate the working classes 
rather than any concern with the contribution of education to 
Industrial efficiency ... 1 (P-65). 
Thus the expansion of the polytechnics in London after the 1880so 
Cotgrove continues, was motivated by the evangelical Christianity of 
Philanthropists such as Quinton Hogg. (loo. cit. ). 
A further Illustration of the way some employers viewed technical 
education In the works, such as those referred to In the 1884 Inquiry, 
comes in a modern biography by Koss(1970). In this account of the work 
of Liberal M. P. and Industrialist. Brunner, Koss argues that for this 
particular employer, technical education had an Integrating and noralizing 
Influence t 
0 Education as (Brunner) saw it was designed to Impart moral values 
as well as technical training... " (p. 4 D. 
Robertsoa(1974) points to the practical benefits for employers of the 
60ciallsing effects of some kind of technical education:. 
1 In all, technical education for skilled workmen was deemed 
beneficial because it discouraged vandalism, promoted moral 
strength, and broadened a man's outlook as well as giving him a 
better grasp of hits job ... 1(p. 227). 
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The most recent account, McGuffie(1986) argues some employers were 
quite successful In their attempts to solve the problem of technical 
training by devising their own schemes. So much so he claims that, to a 
certain extent, 
'British employers in the metal industry were anticipating by a good 10 years American training nothods... '(pl4l). 
He cites a number of conpaniesi Clayton and Shuttleworth of Lincoln, The 
Great Western Railway works at Swindon, Andrew Barclay of Kilmarnock, 
Barr and Stroud, and Westinghouse (pp. 139/140). 
The influence of organised religion emerges In another study, 
JOyce(1980). Seeking to show how the relationship between work and 
religion reinforced the employers' attitudes to technical education, he 
examined the relationship between the 19th century factory system, and 
the social structure to which it gave rise In the north of England. -There 
were, he maintained, close links between employers and organised religion. 
In 1892, for example, the majority of Balton's seventy-seven churches were 
built with employer aid. and this was held by Joyce to be, 
@representative of factory towns in general' (p. 174). 
Joyce further argues religion, although limited In. effoct an popular 
life, was more successful in attempting# 
I ... to cement the chain of authority in the factory and to bolster the hold of the factory regime on the workpeople... '(p. 176). 
The authority of the factory was reinforced by the Integrated nature of 
the workers' lives, dominated by paternalistic employers. Accordingly, the 
employers were also Influential in the provision of secular education i 
'As with all aspects of factory life, with secular and religious 
educational provision the Integration of the majority occurred 
because so much of what was an integral part of daily life ... took 
place, within the territory of the factory ... 4(p. 172). 
The focus in these studies has moved from considerations of technical 
education as an alternative to the apprenticeship or as a aeceacary, 
contributory factor in improving economic efficiency. The emphasis has 
shifted to the ways employers sought to use technical education as a 
means of reinforcing social control. But they are variations of the 
Common view of technical education that It was primarily instituted to 
Improve economic performance. These specific accounts emphasize the 
Indirect Influence technical education was said to have had through 
Innovations such as the company school. Within this framework technical 
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education is presented as a means of rationalizing the workers' 
acceptance of the factory regime. 
Xy view is that despite the claims made for the 'Company, School', 
this kind of provision featured in existing accounts, represented only a 
small fraction of the total situation. The importance of this sectorýof 
technical education, has been exaggerated In the accounts which make 
reference to it. 
7.5.0 
Summary Anti b1ne-unnInn. 
I opened this chapter with an examination of accounts of loth 
century technical education which stress the significance of prominent 
people initiating a movement' or $cause' In technical education. Inspired 
by concerned people's perception of the Impact of foreign competition it 
Is presented as a necessary part of economic development. 
International Exhibitions, for example those In 1851 and 1687, are 
held to be the source of initiatives Instigated by people such as 
T-H-Huxley, Lyon Playfair, H. E. Roscoe, who responded to criticisms coming 
from the Exhibitions concerning Britain's failing competitive economic 
performance. 
The Inquiry Instituted in 1861 and published In 1884 confirmed the 
negative views expressed by jurors at the Exhibitions. This evidence 
appears in most accounts as justification for their belief In a loth 
century technical education movement', based an the two Institutions at 
South Kensington, the Science and Department, and the City and Guilds of 
London Institute. Both institutions are said to have been a response to 
pressure from prominent people for a national system of scientific and 
technical education. 
it is further argued that the Imovenent, 
evolved from the 16709, against the apathy and hostility of a generality 
of employers and the indifference of trade unions. 
Trade unions figure largely in moat accounts as being indifferent to 
technical education and holding a narrow, sectionalist Interest in the 
apprenticeship system. It is argued they perceived the apprenticeship 
simply as a means of controlling entry to the trade, In order to protect 
their artisans' status. 
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With notable exceptions, such as MoGuffie(1086), employers are 
portrayed as apathetic and having only -limited regard for technical 
education, with a- calculative and Instrumental Interest ý in the 
apprenticeship system. But there Is no examination of the underlying 
rationale of the employers' attitudes; rather, most accounts adopt the 
orthodox view that technical education evolved as an extension of general 
schooling. 
Some accounts focus an the socialising effects of technical 
education. There approaches come within a general economic framework 
which views technical education primarily as a means of improving 
workers' industrial performance. Two variations of this approach were 
discussed, the Company School, and the generallsed notion, found In some 
accounts, of technical education fostered In order to strengthen social 
control of the workers. 
Overall, the predominant model of technical education presented Is 
One which evolved an a part-time, evening pattern, and. In the main. 
separate from the workplace. 
An unquestioning belief in this nodal Is reinforced by the common 
assertion that technical education was an extension of general schooling. 
The apprenticeship therefore is not considered part of technical 
education In the 19th century, for by definition, It was something which 
took place outside the factory. Because It was viewed in this way it Is 
assumed In these accounts that technical education could have functioned 
only as a part-time, evening class system. 
I believe the evidence is clear that the employers' Influence an 
technical education justifies more thorough analysis than existing 
accounts acknowledge. The extent and nature of their control over the 
labour process, and the ambiguous position of the &tat* relative- to 
employers and to mass general schooling, has not been fully explored. 
Employers were not restricted simply to controlling the new 
technologies. They critically regulated both access and time available to 
young workers who were to be the main technical education catchment. , 
It Is too simple to dismiss the Trade Unions' attitude to technical 
education as being soley motivated by sectional Interests and concerned 
Only with controlling numbers entering the trade. 
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TUC evidence has shown that as early as 1888 the leading Union of 
the day, the Amalgamated Society of Engineers (A. S. E. ) was advocating the 
retention of the apprenticeship system and inviting the creation of a 
structured technical education system. There Is also evidence of 
Independent artisan initiatives In the 1860s, such as the Vorknen's 
Technical Education Committee and the work undertaken by Solly In the 
1870s. 
I believe It has been shown that central to an analysis of 
technical education In this period is a detailed exploration of the 
Interests of the three groups which constitute the focus of my study: the 
State, employers and the skilled workers. At one level both the skilled 
workers and the employers perceived the working of the market as 
consistent with their own alms. The employers were committed to profit 
maximization and pursued this through the Implementation of now 
technologies and the use of unskilled labour. At another level Government 
failed to perceive the contradictions relative to both the employers and 
their workers In pursuing a laissez faire policy, which, being essentially 
short-term, fostered a neglect of technical education. with Its long-term 
Implications. The factor of laissez fairs economics was deeply rooted In 
Victorian life, often manifested under the 'self-help' philasophyl I shall 
analyze more fully the implications of these policies for technical 
education in chapter 9. 
The common idea in most accountso of 10th century technical 
education as an extension of general schooling, clearly reinforces the 
belief In the abstraction of technical education from work, and Its 
Institutional isation outside Industry. 
Accounts in which technical education is regarded as an evolutionary 
development out of mass general schooling are unable to consider the 
significance of Influences other than prominent scientists such an Huxley 
and Playfair. They do not take into account that people Involved In the 
reorganisation of factory work were also those Involved in the 
development of technical education. 
Existing theories of the origin and development of technical 
education are therefore Inadequate for me In three principal areas of 
analysis. 
First, there Is little substantive evidence for the belief In the 
existence of a national $movement' in technical education from the 1870a. 
By and large, technical education Initiatives were fragmented. localized 
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and often independent$ with ad boo administrative arrangements. The 1884 
Inquiry, the first formal Investigation ca a national level, revealed a 
disparate and fragmented technical education development. 
Second, the unquestioned assumption that the Science and Art 
Department at South Kensington, in conjunction with the CGLI, was in a 
Position to assume responsibility for a national system of technical 
education, appears to, be at variance with the evidence regarding the 
Specific roles of these institutions. The former was responsible for the 
administration of a relatively now and weak national School system. The 
latter was restricted, as were the Livery companies from which It 
originated, to an examining and monitoring role over a narrow range of 
crafts. 
Third, the assumption that it was Inevitable that a technical 
education should develop on a part-time, mainly evening class pattern,, Is 
too readily accepted without qualification. Xost accounts agree that AM 
century Industrial employers were indifferent or boattle to technical 
education, but few question why employers persistently hold negative 
Atitudes, well Into the next century. 
I believe that in order to provide an adequate explanation of the 
distinctive pattern developed in English technical education it is 
necessary to look beyond educational policies and administrative 
strategies. The evidence strongly suggests that employer power was not 
confined to the workshops, but that It crucially extended beyond the 
factories. It therefore seems to me that an examination of one of the 
nost significant political and Industrial events In 10th century 
Industrial struggles, the Great Strike and Lockout of 1897/8 could provide 
Insights into the way technical education was Influenced by events 
outside the educational world. 
In the next chapter I therefore analyze the political and Ideological 
background to the consolidation of engineering employers' power. I 
examine in depth the culmination of employer-employee atruggles, tba 
1897/8 conflict, and investigate whether this dispute provides the 
framework for an explanation both of employer power and the way it 
Influenced technical education development# well into the next century. 
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PART It VniZing-t-rIng MAtagemant And the ldpnlnay nf Enainficrita 
Prnduction 
8.0.0. 
hitmduntinll 
In my previous chapters I have argued that now technologies ouch as 
screw cutting, milling machines, and the turret lath*, represented a 
crucial part of the essential technical conditions for the dequalification 
of skilled engineering labour. My analysis above, Cho. 3,4,5). 
The process of dequalification was characterised by skill 
substitution also dependent upon a pool or reserve of unskilled labour 
composed, In the main, of unskilled adult labour and children, 
particularly boys, and increasingly displaced skilled labour. In this 
chapter I argue that this specific reserve of labour underpinned employer 
management strategies from the 1860s, and to suggest that from this 
period the Ideology of engineering labour control centred particularly on 
the exploitation of these groups. The increasing use of unskilled workers, 
In course, radicalized the political nature of machine production and 
machinery assembly. The unskilled workers came to be aligned with 
employers' attempts to weaken the solidarity and resistance of the 
amalgamated unions. 
The evidence I have produced has shown first that artisan 
exclusivity and its historical near-monopoly over certain trade practices 
were necessary points of employer pressure as they pursued their 
attempts to extend and exploit the advantages derived from 19th century 
expanded machine tool technology. Second, employers perceived technical 
developments as a means of pre-empting the traditional functions of 
skilled craftsmen, which enabled them to deploy unskillod labour more 
effectively and further increase the pressure an skilled labour autonomy. 
The demise of the apprenticeship system paralleled these developments. 
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I aim to show therefore that the 1897 atrike and lockout was the 
culmination of a carlea of struggles throughout the century and became a 
conflict over power relations centring on employer and artisan interests 
regarding control over certain workshop practices such as machine 
nanning, and the training of young workers. I shall examine the nature 
of the strike and lock-out, and explore the following hypoth*a*s: 
First, as the first major conflict In the engineering Industry 
between employers and skilled artisans, after the engineering strike of 
1852, it represented a major challenge to employers* dominance In a 
principal manufacturing Industry. Socond, It was the first major 
Industrial strike to be primarily concerned with principles of labour 
substitution. Thirdo the 1897/8 conflict was concerned with the changes 
to the system of power relations that developed as the structure of work 
control altered. And finally the strike and the Terms of Settlement 
which concluded it highlighted the way englaearing employers perceived 
technical training, and thus Influenced the development of technical 
educatlon. 
8.1.0 
Ihm rhNilencr, ' tn rktilm vnrk, -rno vmrknhnp klitnnrrmx 
I argued in Sections one and two above that employers, In defining 
certain areas of engineering practice as Independent of craft skills and 
artisan direction$ e. g. with machine tool operations using automatic 
principles, rejected the historical patterns of training skilled 
craftsmen, and promoted the widespread use of non-artisan labour. An 
Cole(1037), In his dincussion of trade unionism to the latter part of the 
nineteenth century arguod, there was a clear division between the skilled 
and unskilled workers, a division that employers war* always c4eking to 
break down, 
*too at particular points, by employing cheaper son to do work 
Claimed by the craftsman as their monopolyO. (Cole, G. D. H. (1937) 
P. 51 
Xarx(1887) had also argued that 
0... the lesa the period of trainings therefore, that any work 
roquirea, the smaller is the coot of production of the worker and 
the lower to the price of his labour, his wagea. In thoce branchoo 
of 1nduatry In which hardly any period of apprenticeship to 
required, and whore the more bodily exicstenm of the worker 
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suffices, the cost necessary for his production is almost confined to the commodities necessary for keeping him alive and capable of 
working. The price of his labour will, therefore, be determined by 
the price of the necessary means of subsistence". (Marx(1887), 
(1976) p. 263 
The aims of 19th century unskilled engineering workers came to be 
Increasingly allied with the employers by their cooperation In , the 
process of substitution, and taking up some skilled workers' functions in 
machine tool operations.. As early as the 1860s an Important objective 
of employers was to break skilled artisan monopoly, and to promote the 
cause of non-unionised workers, 
'The Interests of the operatives, In their ultimate development, are 
identical with those of the employers, inasmuch as if the 
restrictions on labour sought to be Imposed by the unions result In 
increasing the cost of the products of their labour to such an 
extent as to allow foreign competitors to obtain orders ... (and) the country loses the trade, and the workman his share of the wages 
which might otherwise have been his". (Royal Commission on Trade 
Unions (1868)p. 561. 
The employment of non-union workers In Jobs formerly the exclusive 
property of ASE artisans, could therefore be said to advance the cause of 
both the unskilled workers and their employers. By the 1890s engineering 
employers were arguing that the skilled workers' claim to autonomy within 
the labour process extended beyond the exercise of traditional practices. 
They maintained it constituted Interference with output. restriction on 
overtime working, control over access to certain machine tools, and 
unwarranted intrusion into the management of the shops. (Timess Oth Nov. 
18971. 
Employer hostility towards traditional workshop practices may be 
Illustrated by the case of the London firm of Daniel Smith & Co. The 
firm had been challenged by the A. S. E. over the placement of labourers an 
mechanicas work, and for employing a driller to operate a boring machine. 
The reaction was unequivocal: 
"In consequence of the Inconsiderate, selfish, uncharitable, and 
uncalled-for interference of a small section of our employees 
endeavouring to enforce us to Inflict an inJustice and deprive other 
men of their liberty or right to progress in a higher branch of our 
trade, we consider it necessary to make the following announcement: 
It is our firm intention from this date to have whomsoever we 
choose, put then to whatever kind of work we think fit, and pay 
such wages as are initially agreed, without any dictation or 
Interference on the part of our workmen. 
'No discussion or interview relating to Society's rules will be 
allowed during working hours". (Quoted In Engineering, 12tb Nov. 
18973 
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Another large company provides further Illustration. Two copying lathes 
were rated by the A. S. E. at 35/- per week, or 70/- for the two. As a 
result of a strike a labourer was put in charge of both machines. and 
received 24/- per week, which was a large Increase an his former 
wage". (Times, Oth Nov. 18971 
The firm maintained that output was Increased and, In this single 
machine function, 40/- per week was saved, arguing that inte 
, 
rference by 
A. S. E. men was manifest in this case by Insisting on a one-nan-one- 
machine operation. They refuted this A. S. R. claim and held to the view 
that both machines 0... can be easily and capably worked by a single 
'handy' man". Mid] 
Labour-substitution was a critical factor in the case of a northern 
firm which reported a marked reduction in the amount of wages paid an 
Individual machines, compared with similar machines before the strike. 
On one special lathe an A. S. E. man had 35/- per week for turning a 
certain class of pulley taking 281fi hours. On the same lathe a 'machine 
man', at 24/- per week was turning slightly larger pulleys In 22% hours, 
after being 'advanced'. 
"There has been a much better turn out by the non-union men since 
the strike than there was before It". Mid] 
A promoted labourer In a Xanchester f Irn was producing work an a large 
planing machine in 135 hours; an A. S. E. man took 190 hours for the same 
class of work. The firm took the view that Increased production rates 
were possible as a result of supervision being carried out by a non-union 
shop foreman. Disputes over work control by non-Society foremen were 
common; the evidence shows that It was significant In the employers' 
tactics of substitution, This was clear In the particular case of a firm 
On the Clyde. 
The firm concluded that in the period from 1895 to 1897, production 
times for engines had increased by 20 par cent, due, It was contended. Ao 
A. S. E. shop steward interference, which had become I... simply intolerable". 
Mid) - The firm offered 'low-class' mechanics 5/- per week Increase if 
they would work any machine to which they might be put; the alternative 
to this was that of 'leaving the works'. Ten Immediately left, refusing 
to work machines vacated by A. S. E. men. The relations of production were 
uneettledi 
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"Even non-society men who have tried to work In our place since the 
commencement of the strike have been persecuted out of It by the 
pickets during meal hours and at night ... driving away even our new foremen over the machines*. 
8.14 
Relatlnnf, - hatween EncrIngerincr Employers mnd Un--killusd Labntjr 
Evidence shows that in the period following the strike of 1852, 
employers were increasingly prepared to challenge the skilled workers 
over historical work practices. They responded to skilled worker 
resistance to work reorganization by questioning the basis of traditional 
artisan autonomy and particularly ASH Influence with respect to machine 
tool operations. By the 1890s they felt confident enough to confront the 
unions directly. A mechanical engineering journal argued that 'capitalists 
are absolutely justified in trying to smash Trade Unions as they exist'. 
(Engineering, Sep. 18971 ASE reaction was regarded as a direct challenge 
to management prerogatives, 
'It has ... come to thist Trade Unionism as now practised in the British Engineering trade has to go ... It is the duty of the 
employers to smash the union". Roc-citl 
The Issue for skilled enginering labour had revolved around the critical 
question of how and to ýwhat extent employers were to develop the 
potential of the new classes of machine tools, and the use of 
undifferentiated labour. 
As distinct from previous employer-employee disputes, from the 
1890s the employers were gaining political confidence, emanating from two 
sources. First, was their control over Important new classes of tools, 
which stiffened their reaction to ASE demands for exclusivity regarding 
certain classes of work. Second, ASE and BEF sources show that nore 
employers were rejecting Individualism and veering towards a form of 
federation, This combination was crucial In the changing political and 
Ideological structure of union-employer relations from the 1880s. A13 the 
Spectator put iti 
'The owners of capital have for the moment control-of the markets 
in their hands, and If they learn to combine and make common cause 
they will be as powerful as ever the feudal barons were ... 1(25th Sep. 18917). 
This Injunction was supported by the claim that i reduction in the 
numbers of skilled workers in the factories was possible because of 
'... the use of machines still more nearly self-acting or 
"alive"... (lo. cit. ). 
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8.2.0 'II, 
Trade Uninns and Federatlast Emp1gyalm., Early Devalopmentm 
Xovements, towards a national engineering employers' federation were 
fitful and had started about the mid-1880's, with Colonel Dyer, Chairman 
of the William Armstrong Company, Fewcastle, as a prominent figure. This 
development was the outcome of engineering employers' continued awareness 
of the unionsO potential for national collective action, which despite 
trade rivalries, was showing signs of increasing solidarity. 
This Is not to imply a solidarity in class terms, but related to a 
relatively narrow stratum of the working class, skilled artisans. At one 
level, combinations of tradesmen such as the London Trades Council alone 
Constituted a federation of organised trades consisting of 49 societies, 
35 districts and 15,480 subscribing members (R. C. on T. I. (1884) Q. 38541. 
At another level, the Amalgamated Society of Engineers (ASE) Itself 
had evolved by the 189os into a highly eclectic but relatively cohesive 
organisation; the diverse number of engineering trades eligible for 
membership Indicating its comprehensive character. 
The society consisted of craftsman In the following trades or 
branchesi smiths, fitters, turners, pattern-makers. highly skilled machine 
woodworkers who manufactured precision patterns for use In moulds for 
the casting of metals, millwrights. skilled fitters and machinists 
responsible for machine installation and factory lay-out; planers, borers, 
slotters, mechanical draughtsmen; brass finishers, machinists usually, for 
manufacturing non-corrosive metal products; copper snithe employed In the 
engineering trade; machine-joiners (erectors) employed In the construction 
of machinery for cotton, silk, and woollen production; and ships' smiths. 
(R. C. on Labour (1893) Q. 22655). The overall membership of the Society 
Increased continuously from 43,150 In 1874 to 71,221 in 1891, with an 
Increase In the number of branches from 377 to 509; by 1898 the total 
]membership was 91,000 [Jefferys (1945) pp. 93,138). 
The growth in the size of the ASE membership coincided with the 
high point of organised trade unionism In nineteenth century England. It 
occurred in the period 1898-1898 when there were between 1,326 and 1,358 
trade unions, with a total membership In 1898 of 1.752,000 members, 
Including 144,000 woman members (British Labour Statistics, Historical 
Abstract 1888-1988, Department of Employment and Productivity, London, 
H. X. S. O. 1971, table 108, p. 3951 
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, An important, measure of the political and financial strength of -a 
union was its ability to withstand protracted disputes. The longest 
strike in the mechanical engineering industry began In Sunderland in June 
1883. It was also notable in that it provided the background for the 
political realignment of employers. The strike arose over a claim by the 
ASH local executive for an Increase in wages, and a restriction In the 
number of apprentices. There was also a demand for the withdrawal of 
the Inquiry Note. URecord' (1883/4) pp. 71,78). This seems to have been 
a limited but bitterly contested dispute and lasted until 1885. The 
employers took out writs against the men to force then to return to work; 
and with assistance from the Iron Trades Employers' Association 
(I. T. E. A. ), non-union labour was imported in an attempt to break the 
strike. PRecord' (1883/4)] 
During the course of this dispute there began a loose' federation' of 
engineering employers in the Tees and Hartlepool and Tyne and Wear areas, 
and a joint committee was set up to co, -ordinate policy action. 
Subsequently, the ASH were forced to withdraw an all points in December 
1885; the employers conceded no issue and recorded 
"os# a decisive victory". (Record 1884/5) 
This employer combination gave rise to what became known as the North- 
East Coast Association. (Wigram, E. (1973) p. 22). The following year 
cameý a link-up between the Clyde and Belfast employers. But a more 
comprehensive federating attempt came in 1895. 
The first meeting of the Incipient national federation was held an 
20th November 1895 where It was proposed that the Clyde and Belfast, 
Barrow and N. H. Coast Engineering Employers should combine. I believe the 
Immediate issues addressed by the combined employers were significant In 
so far as they related to the definition and deployment of craft skills. 
They concerned: 
a) apprenticeship, b) overtime, c) minimum rates, d) limitation of 
hours, e) demarcation of work. (E. E. F. Xinute Book, (1895-1899)]. 
The Initial confrontation between the ASE and the newly formed 
federation came in the following year. 1898. and clearly displayed signs 
Of employer recalcitrance over the questions of substitution. The Society 
had put forward a number of claims in different geographical areas 
concerning the employment of non-union men an work traditionally 
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reserved for artisans, and restructuring of overtime., The claim 
employers considered ýost contentious was 
I ... only members (of the Society) should work machines at rates fixed by the Society, and that one man should work only one machine' 
E'Record' (1896/7) p. 1341 
The conflict gradually intensified and in relation to the strike of 
Society members at Dunsmuir and Jackoon's at Govan, a special meeting of 
the executive of the Federation was convened at Carlisle In August 2898. 
The chairman, Dyer (Vm. Armstrong & Co. ), reiterated the employers' 
position regarding machine manning, and advocated that the Board should 
give the widest possible publicity to the machine question and to their 
determination to 'exercise their rights'. 
The employers argued that they 
0... have always exercised their right to appoint any man whom they 
might choose to man the machine in their shops ... whether the man 
is a skilled or unskilled workman or whether, he belongs to any 
Society or not ... 0 (EEF Kinute Book (1898)) 
This particular dispute concluded with a central figure in the Govan 
dispute, a non-union man, leaving the workshop (to take up a 'better 
appointment'), and another non-unionist being taken on In his; place. 
('Record' (1896/7) p. 1351. 
The principle of substitution was reasserted during the next strike 
Involving Xessrs. Earle's at Hull. In contention was the Insistence by the 
ASE that their fitters or turners only should be allowed to work milling 
machines. The employers' executive meeting resolved that 
I ... the Federation should strenuously resist all demands. and the Associations should agree and resolve to support such action'. 1EEF 
Xinute Book (1806(a)) 
This was an appeal for the local associations of engineering employers in 
other parts of the country to demonstrate their solidarity. The Belfast 
Employers Association, the North Western Association, the I. E. Association 
and Barrow all agreed to support the Federation. The combination had 
strengthened the resolve to reaist ASE claims, particularly concerning 
machine manning. The EEF executive wrote to the Glasgow district 
committee of the Glasgow ASE, where a machine-nanning dispute had also 
arisen, The letter made it clear that as far as engineering employers 
were concerned, ownership of property constituted the right to Its 
disposition, and rejected the right of the Society over control of machine 
tools. 
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I ... the Federation distinctly decline to admit the right of your Society to claim for your members exclusive rights to work any 
particular class of machines'. CEEP Minute Book (1898)(b)] 
The message was unequivocal: the machines and their manning were under 
direct managerial control: 
'The machines are the property of the employers and they are solely 
responsible for the work turned out by them; they therefore will 
continue to exercise the discretion they have hitherto possessed of 
appointing the men they consider suitable to work then'. Cloc. cit. ] 
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8.3.0 1 J". 
Igitation, on the part of the ASH therefore continued, generally 
revolving around the substitution question, until a crisis was reached in 
February 1897. There were strikes at the works of the Sunderland Forge 
and Engineering Company, and at Barrow. An LSH claim regarding the 
former workshops was that two boring, milling, and horizontal drilling 
machines should be worked by Society men. At Barrow the issue concerned 
the employment of unskilled workers at reduced rates and fixing of rates 
governing payment to men on machines. PRecord' (1897/8) p. 1351. These 
Issues were discussed at a specially convened meeting of the Federated 
Association in London, where the significance of the ASEýs actions was 
spelled out by the Federation Chairman: The ASH men at Pallion, 
Sunderland, attempted to restrain ton-Society men from working some new 
boring machines Introduced into the Sunderland Forge and Engineering 
Company. Three turners at the Naval Construction and Armaments Company, 
Barrow simultaneously lodged a claim to enforce a rate of wages, being 
the amounts the Society had rated the machines they were working. The 
third major issue was at the Armstrong Ordnance Works at Elswick, where 
there was a Society claim over the manning of a new automatic gauge- 
grinding machine. EEEF Minute Book (1807)]. 
A special meeting of the executive Board of the Employers Federation 
convened In London on 26th February, and resolved that a letter be sent 
to ASH secretary Barnes specifying instances of the aggressive action an 
the part of the ASH, causing 
I... considerable trouble to the employers who are members of the 
above Federation'. Eloc-cit] 
The letter clearly stated that the call for the displacement of unskilled 
machinists at Sunderland was unacceptable as the men 
I ... have been and still are working (the machines) to the 
satisfaction of the employers'. Mid] 
The meeting resolved to resist 'encroachments' upon the rights of the 
emplayerso and pledged to assist the three companies directly involved In 
the dispute. As a practical measure the executive also agreed to Gubsidise 
the Sunderland Forge and Engineering Co. to the rate of 15/- per man on 
strike. The ASE executive was informed of two principal conditions 
attaching to the employers' directive: unless 1) work was resumed at 
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Sunderland and , Barrow- an or bef ore Friday 12th ý Xarch, 2) the , Society 
agreed to meet with the Federation to discuss the settling of all 
questions at issue, the Federation would issue notices to end the 
employment of ASE members in their employ. The Federation resolved, as a 
result of the negative reply on both counts f rom the Society, 
I ... that on the 27th Narch and on each of the three succeeding Saturdays, the services of 25 per cent of the members of the ASE In 
their employment will be dispensed with'. Mid] 
The scale of the lock-out threat was considerable. If the employers 
carried out their threat, notices of a lock-out would have been posted at 
Barrow, Belfast, the Clyde, Liverpool, X. E. Coast, and London, at all shops 
owned by members of the Employers' Federation. This would affect between 
20,000 and 30,000 engineering workers, besides Indirectly many thousands 
of unskilled workers. EThe Times, 10th Mar. 1897). It was agreed an 
23rd March that a meeting between the parties be arranged: the disputed 
nachines at the works of the Sunderland Forge and Engineering Company to 
remain idle during the negotiations. 
On 2nd April, the Manchester District Engineering Employers 
Association was formed. 
'Twenty important 
, 
northern and Midland firms have announced their 
adhesion and they are desirous of federating with the Employers 
Federation of Engineering Association'. (The Times, April 18971 
This group of employers, many of whom were already members of the 
I. T. E. A., were admitted to the Federation. 
8.3 . i. 
The Maching Conference mnd the 49-Hour Tnfttjn. 
Conferences were held in London on 1st, 2nd, 13th, 14th and 15th 
April 1807. The machine question was most exhaustively discussed, 
'... indeed it being the most important matter under discussion it 
took up the greater portion of the time of the Conference% 
('Record' (1897/8) p. 1381 
Despite the protracted discussions both sides remained adamant and held 
to their position. The Conference hag been since known as 'The Abortive 
Xachine Conference'. The men at Sunderland and Barrow had remained-at 
work; but the ASS was evidently anxious to test the popularity of its 
cause In pressing for a resolution of their claims. The ASH Secretary, 
Barnes, expressed the inevitable confrontation as a 'trial of strength% 
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outlining the Society's ý, strategy in terms of - its , appropriateness in 
relation to trade and the -popularity of its cause. In a letter to the 
Dundee Veekly News he wrote, I 
'... a trial of strength, with this Federation is Inevitable, and the 
present Is as favourable an opportunity as was likely 
, 
to be 
presented to us. Trade is brisk, the weather goodo and the issue a 
popular one'. (22 Xay, 18971 
Anxiety over the impending major confrontation stimulated a more rapid 
growth of companies seeking federation. They assumed that employers' 
combinations were crucial in opposing what was financially and 
numerically the strongest amalgamated union at the time. The evidence 
suggests that they were realistic In this. Indeed, Kann, a prominent ASH 
member, who stood for the General Secretaryship of the ASS in 1891, 
seemed to personify the militancy and politically-growing awareness in 
the ASEp when he wrote 
'... let them have it. Everything favours the men; the state of trade, 
the prospects for the next year, the unions' finances and the 
opinions of the members'. Mann. T. (1897) p. 1441 
London provided the location for a tactical turn of events although It 
seems Initially to have been in an ambiguous position vis A vis the other 
major centres of employer interests. There was no Engineering Employers' 
Association there. The A. S. E., making a rational assessment of the 
prevailing situation in this area, extracted Important concessions from a 
number of the smaller firms. Prominent among these was the granting of 
an eight-hour day, the culmination of Society pressure; due principally to 
a circular sent an 30th April, to firms from a Joint Committee of Trades. 
This body seems to have been an ad hoc strategic Committee composed of 
members from the A. S, E., Boilermakers, Steam Engine Nakers, United Society 
Of Smithe and Hamnermen, London and Provincial Society of Coppersmiths, 
London Society of Drillers, United Xachine Vorkers Association (#, Record# 
(1697/8) p. 1371. 
Up to 5th August the A. S. E. claimed to have had concessions 
regarding the eight-hour day from 204 firms in London. This, however, 
was disputed by the Federation, who argued that their investigations 
revealed that only 60 of these could have been classed as engineering 
firms, the remainder being public bodies. brewers, contractors, and 
similar bodies Mecord, (1897/8) p. 138). The Federation, maintained also 
to have persuaded many of the firms who conceded the eight-hours day to 
rescind and to join the Federation. The ostensible cause of the dispute 
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was the eight hours' question, but the more substantive, Issue seems, -to 
have been that of labour substitution. 
The evidence indicates that the 48-hour issue originating in July 
1897, ý for practical purposes, nay be regarded as peripheral to the 
central issue, machine manning. ýA leader In the Journal 'Engineering, 
arguedt 
'The length of the working day is only part of the question In 
dispute; a more important matter is the control of machines'. Ust 
Oct. 18971 
'Engineering' hold that the question of labour control was the central 
Issue, There was, it was suggestedo no objection to trade unionism 'in 
the abstract', but the dispute was to be resolved by ousting 
I ... sundry trade unions from privileges of which the... gained 
posession in the past ... the 48-hour question is as nothing'. (Ibid] 
According to The Times of 4th -December, 
the 8-hour day Issue was not 
discussed seriously at all at the Conference. 
Iron Trades Employers Association (ITEA) reports suggest that 
employers were confronting the A. S. E. behind the eight-hour Issue, but 
were clearly determined to press for the extension of unskilled machine 
manning, 
I ... employers were determined not to agree to any settlement that did 
not include all the points that had previously been at Issue, and 
which were discussed at the abortive Xachine Conference in April 
HOP. ('Record' (1897/8) p. 1391 
Those London firms who were members of the I. T. H. A. brought the matter 
before that body, who asked for the co-operation of the Federation. As 
a result the largest London Employers formed themselves Into an 
Association which was admitted to the Federation (loo. cit]. 
An ultimatum was sent by the Joint Committee of Trades to a number 
of firms In the London region that had refused to concede the eight-hour 
day. Failure to concede was threatened with a strike an 3rd July at I 
P. m. The Employers' Federation wrote to the Joint Committee and received 
no reply. On let July an employers' meeting was hold in Xanchester with 
representatives from the three leading engineering Employer Associations, 
the Engineering Employers Federation, the Shipbuilders Federation, and the 
Iroa Trades Employers' Association. It was clear from the nature of the 
resolution passed at that meeting that the confrontation was inevitable. 
A telegram was sent to the Joint Committee intimating that In the event 
Of a strike as - Indicated, notices would be inmediately given by the 
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members, of the Associations affiliated to the Federation thatý a 25 per 
cent, reduction of workers would take place of the members of each union 
In their employment. Each society represented an the Joint Committee 
received a copy of the lock-out threat. 
On 7th July, it had been reported that in London, an the Y. E. Coast, 
at Glasgow and Greenock and elsewhere employers had posted notices for 
the discharge of 25 per cent of their men, and it was further reported 
that 
it has become clear that notices will be , necessary for the 
remaining 75 per cent'. (Times, July 18971 
Simultaneously the Leicester Iran Trades Employers Association passed a 
unanimous decision to lock out 25 per cent of union men employed In their 
Shops. It was estimated that in all 80,000 would be affected. [Ibid. ] 
The Ballermakers Society and Pattern Kakers withdrew from the 
negotiations at this stage, arguing that they would not take part irt the 
Stoppage of work In the London district. The remaining union members 
struck and the employers dischargod members of these unions. The 
notices to the 25 per cent of members of the unions connected with the 
Joint Committee terminated on 13th July, on which date the remaining 75 
per cent withdrew their labour an instructions from their Societies; 
16,944 members of the A. S. E. left work in this way. The total number of 
men of all trades on strike being over 25,000. (Engineering, Oct. 1897 
p. 136). 
At the beginning of the action about 180 firms were Involved: by the 
middle of July 250 firms had aligned against the workers ('Record' p-1391. 
Throughout August, September and October further accessions were 
recorded. On 8th October the Board of Trade estimated that 579 firms 
were directly concerned in the dispute and that the total number of men 
an strike, or locked, out, was 45,000. Employers at Sheffield, Oldham, 
Keighley, Ipswich, Heywood, Edinburgh, Leith, Aberdeen, lottinghan, Dundee, 
Bristol, Hanley, Preston. Blackburn, Burnley, Rochdale, Wigan, Ashton, 
Leicester, Huddersfield, Bradford, Carlisle, Otley, Joined during this 
period. The cost to the A. S. E. from their contingency fund was put at 
t127,000 [Engineering, Oct. 18971 
The percentage of enforced unemployment among members of trade 
unions rose from 2.5 in July 1897 to 5.1 in December. Total membership 
Of Unions at this time was 1,731,000. The number, of skilled and unskilled 
workers, unemployed and unionised workers, i-e. constituting a reserve of 
M 
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relatively experienced labour was 43275 in July and in December, 88261 - 
Figures from which persons locked out or an strike have been excluded. 
If the latter were Included to take-into account the engineers. ý1he total 
would have doubled to approximately 188,200 In December 1897. The 
published figures for the engineers werei Xen Idle, Engineers 25,000; 
allied workers 10,500; non-unionistst 10,000; labourers, 33,000 - total 
80,000 (British Labour Statistics (1971); Times 20 Dec. 18971 
From the outset of the dispute the employers claimed that a 
combination of factors instigated by unions rendered economic production 
Impossible: 
'Their opposition to piece-work, their insistence on uniform rates 
of wages, their restriction of the number of machines a man nay 
look after, and their hampering regulations in regard to demarcation 
of work, are alone sufficient to put British producers at a 
disadvantage, which must bar them from the markets of the world'. 
EEngineering, Sept. 18971. 
This claim was vigorously contested by the ASH secretary, Barnes; 
although at first confidently predicting a successful outcome to a 
dispute of not more than six weeks, was forced to concede that the 
fight is going to be one of the biggest things we have ever had 
in this country'. (Labour Leader, 21 Aug. 18971 
Kier Hardie, editor of the Labour Leader, argued that the employers were 
In fact using the dispute to seize the opportunity to smash the A. S. E., a 
result of which, he contended, would be more substitution of skilled by 
unskilled workers. 
'... They will in future recoup for themselves for any present losses 
by being free to run their machines with low-paid labour, run their 
shops with apprentices and youths at half a journeyman's pay, and 
even reduce wages all round'. (Labour Leader, 11 Sept. 18971 
Barnes was convinced that 'a war against Trade Unionism has been started' 
and that there was collusion between certain members of the aristocracy 
(e. g. Lord Vemyss, later Lord Elcho), Dyer and his associates, and members 
of the Free Labour Protection Association- (Report In Labour Leader, 18 
Sept. 18971. This latter body had some 182,000 members, - having been 
formed in 1893, it seems to have been a source of Iblackleg' labour of the 
kind called up by the ITEA. Its main function was to supply strike- 
breaking labour. Ideologically it counterposed the assumed threat posed 
by 'Socialistic agitators, and provided the common ground that was 
purported to exist between the 'cause of Labour' and that of Capitali 
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'The free laboureri3 and the employers are on, the same side (Engineering, 15 Oct. 18971 
According to Jefferys the Association was In fact composed entirely of 
Iriff raff (who) broke and damaged In a few weeks more tools and 
machines through Inexperience than a skilled engineer damaged In a life-time'. (Jefferys, J. B. (1045) p-4161 
8.3.11 
The Tntpranfign nf PnIftIcal mnd TechnologIcal Agpectm 
of the Conflict 
The financial aspect of the dispute was proving serious for the 
A. S. E. It was reported by Barnes that t3O, OOO had been distributed in 
early September as part of the fifth distribution of strike pay since, the 
onset of the dispute. Resources were being depleted at the rate of 
t10,000 per week. (Labour Leader. 18th Oct. 18971. John Burns, ASE 
Official, writing to the Times in September argued that the dispute was 
particularly destructive to working class aims despite an upturn in the 
economy. He cited, among other things, the economic background against 
which the strike and lock-out took place. For example, In the twenty 
Years from 1876, engineering trade exports Increased tenfold (to 
1-70#000,000); up to 1895 there had been a diminishing of the number of 
strikes e. g. from 1211 strikes In 1880 to 878 strikes In 1895, while 
lock-outs by masters increased. 
'This unfortunate dispute has for Its object, an the masters' side, 
the crippling and annihilation of working class combinations ... that is the impelling motive and the real object of the Employers 
Federation'. (27th Sept. 18971 
(Burris, a member of the A. S. E. Gince 1859 was also well-known as a member 
Of the Social Democratic Federation, and prominent In advancing the cause 
Of the unskilled as well as his own Society XemberG. He was to figure 
largely In the 1897 dispute, together with A. S. E. Secretary Barnes in 
writing pamphlets and letters to the press such as The Times, where he 
attempted to counter the bias advocated in them, and muster support for 
the men. (Jefferys, J. B. (1948); Kynaston, D. (1070), King Labour, 19761. 
Hardie, also conscious of the deleterious effects of a protracted 
dispute both on the morale and financial resources of the union, proposed 
a strategy to force the issue: 1) Pool all the unions' funds as a fighting 
fund for those locked out; 2) proclaim a general strike and 
bring the trade of the nation to a atandstille. tLabour Leader, 
16th Oct. 18971 
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However, confidence In their ability to exploit ý the new technology seems 
to have pre-empted any possible concessions on the employers' side 
regarding machine-operating with unskilled labour. In response to an 
initiative by the President of the Board of Trade (Sir Courtenay Boyle) 
on 20th October, to bring the two sides together, the E. E. F. executive 
drafted what might be termed an Engineering Employers' manifesto. (See 
Appendix 2). 
It was prefaced by two clauses drawn up by the President of the 
Board of Trade to the effect that both sides were to acknowledge the 
right of combination of each other. The Board of Trade proposed: 
'The Federated Employers, while disavowing any Intention of 
interfering with the legitimate action of trade unions, will admit no 
interference with the management of their business" (1st Clause). 
"The Trades Unions, for their part, while maintaining the right of 
combination, disavow any intention of Interfering with the 
management of the employers'. (2nd Clause) (Quoted in 'Engineering' 
2nd Nov. 18971 
Three basic principles of employer control were reasserted In this 
document and clearly reiterated the employers' views which had 
Increasingly hardened during the course of the dispute: The inability of 
employers to reduce working hours, due, it was argued, to Increasing 
foreign competition; that Britain had no monopoly of labour-saving 
machines; and new machines in use could be more profitably used with 
Inexperienced hands. 
8.3.11 (a). 
Prt----- Rnaction 
A13 might be expected, Press reaction varied according to affiliation. One 
source, suggested that the E. E. F. proposals were characterised 
, 
by_ the 
rhetoric of employers 'defending common rights' and 'staving off 
revolution,. - 
'The employers have revolted against the encroachments by W&y, of 
tyranny of certain trade unions, and that their proposals may be 
taken to represent the charter of freedom ... ' (Tines, 4th Dec. 18971 
The Times further suggested that the confrontation had evolved beyond the 
boundaries of a single trade dispute to embody more universal principles. 
The engineers' dispute was perceived as a cause celebre of wider 
employer-labour relations at a particularly crucial period. Thus the 
proposals, it was argued, 
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I... have the support, of a strong body of -employers unconnected, with 
the federation and having nothing to do with the engineering trade'. 
(Ibid. ] 
This newspaper consistently encouraged the employers' side, , and, 
countenanced their actions throughout the strike and lock-out: 
the employers' ... proposals ... may be taken to reprenent the charter nf freadmin'. (4 Dec. 1897](Xy emphasis]. 
Other sections of the Press favoured the workers' side. The Birmingham 
Trades Journal had referred to the A. S. E. with evident pride, as 
'.. the boast and pride of trade unionism in this country'. (July 
18971 
Early in the dispute, critical of the employers' refusal to accede to a 
conference or to accept mediation, one view was that, 
'There is the overmastering feeling that the refusal of mediation by 
the Masters implies a determination to smash the Engineers' union 
irrespective of the merits of the Controversr' (Daily Record, 
12 Oct. 18971 
The position of the Masters was argued to be untenable according to 
another source, because of their Intransigence over the question of a full 
representative conference. EThe Saturday Review, 20 Oct. 18971. Public 
Opiniont it was asserted, '... is all on the side of the men'. (loo. cit) 
There seems, to be susbtance in the assertion that the Federation 
was attempting to break the unions, if the views of Siemens, as President 
of the London Employers' Association, corresponded to any consensus of 
employers, views. 
'The fact is ... we want to get rid of Trade Unions altogether, for their interference in the working of our business has been 
intolerable in the past'. (Reported In Labour Leader, 18 Oct. 18971 
Union Opinion was sceptical of this kind of rhetoric, believing that 
profit margins had been maintained at reasonable levels. The Armstrong, 
Vhitworth Company's results, for example, showed a profit of t448,871 
16s. Ild for the year ending 30 June of that year. (Published In Labour 
Leader 2 Oct, 18971. Col. Dyer, the Federated Employers, principal 
negotiator was a director of that particular company. 
The Unions Initially refused to accept the proposed 'Conditions of 
Management', and the decision of the employers not to reduce hours In any 
way. The management proposals were, however, seriously discussed by the 
union representatives despite the overt hostility displayed In statements 
Of some of the management representatives. Sir Benjamin Dobson, for 
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example, head 'of the largest machine and engineering firm In, Balton, and 
employer representative contended that 
I.. o employers have made up their minds not to lend their 
establishments to the furtherance of a system of tyranny which 
insists that, willy nilly, every employer must bow down to the local 
union panjandrum'. (Quoted in Times, 14 Dec. 18971 
8.3.111 
Tlhp FnIZInparing Employers' Maniferto. - PrellmInary Conn ideratInnrl 
The 
. evidence shows employers were determined to extend the 
rearganisation of work and widen control of Labour by eliminating 
constraints imposed by skilled workers, particularly in the operating of 
nachine tools: 
'The! nAnhire f-- still thn nnst Impnrtant feAture of the dinpute. We 
have heard of no offer of compromise in this matter, and we do not 
see how the employers can entertain any'. (Engineering, let Oct. 
18971 (my emphasis] 
The emphasis an labour-substitution was evident in the exoployers' policy 
document. As an E. E. F. letter to the President of the Board of Trade 
said: 
'... during the past three months ... in many cases from 20 per cent to 50 per cent more work of equal quality has been produced from 
machines by comparatively inexperienced hands compared with that 
produced by the men who previously worked the machines'. 
(EEF Minute Book, go. 1.28th Oct. 18971 
There were two significant factors In this declaration. The f irst was 
that EEP employers no longer regarded skilled artisan labour as 
Indispensable labour;, it could be replaced by unskilled labour using the 
new technology. 
Second, it seems to bracket out the areas In which engineering 
employers had consolidated their widening control over skilled labour 
powers and thus over the means of production. For this reason I 
Considered it important to draft these areas in some detail In order to 
explore some of the forces which strengthened employer power. 
The dilemma facing the union representatives was evident In their 
statement to their members. Burns issued a statement to the effect that 
only two courses of action were open to the men. One, to summon a 
national convention of trade unions for the purpose of organising a fund 
Of not less than t15,000 a week to enable the man to continue to strike. 
Two, to declare the strike at an end, accept the Xasters' proposals, and 
resume work as soon as possible ETImes, 9th Dec. 18971. Tt 
01, 
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Neither Hardie's nor Burns Is strategies was -. adopted,, and ý in early 
December,, management proposals -were put to union officials - who 
reluctantly reported to their members, 
I... only a consciousness of the serious position, In which our 
members are placed, and the length of time over which the stoppage 
has extended, with all that such Involves, induces us to put bef ore 
you such proposals, which to our mind, are diametrically opposed to 
the first principles of trade unionism'. (Quoted in Engineering, 
10th Dec. 18971 
The E. E. F. proposals in general were severely criticised on 13 December by 
an Oxford group##, who argued that 
it cannot be held that, prima facie at least,, the ultimatum is 
anything but a deliberate attempt to overthrow the principle of 
collective bargaining - that is, in a word, an absolute denial of the 
legitimate action of trade unionism as such'. (Quoted in The Times, 
14 Dec. 18971 
The use of the term $ultimatum# in this context provides an illuminating 
commentary an what were purported to be areas of discussion and 
negotiation, 
The inflexible nature of the EEF proposals was reiterated in, the 
same issue of the Times, in which there was a threat of further lock- 
Outs: 'An official of the Employers' Federation last night stated that, in 
the event of the conference breaking up today 30 additional firms will 
lock-out their men at the end of the present week. He expressed the 
Opinion that the fight was only now commencing'. (The Times, 14 Dec. 
18973 
Ozi 17th December the clauses of the management proposals were 
considered by the ASE executive as a whole and, In general, approved. 
The 48-hour question was again raised as a separate issue and on the 
refusal of the employers to negotiate an this point, the official 
conference deliberations were adjourned, and the union memberships 
balloted on the whole of the matters in dispute (Times, 18th Dec. 16971. 
it The Master of Balliol, the President of Trinity, the Principal -of 
Jesus, Professor Esson, Dr. Fairbairn, Mr. Arthur Sidgwick, Mr. -T. C. Snow, 
Professor Karkby, the Rev. H. Rachdall, and other members of the 
University. 
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- The twenty-fourth distribution of strike pay took place Ahe day 
after the adjournment and t35,000 was paid out to the 80,000 engineering 
workers locked out and an strike. The skilled workers received strike 
pay at the rate of 15/- per week; the allied workers, '12/- to 15/-; non- 
unionists, 8/-; and labourers, 5/- [Times, 20th Dec. 18971. 
The vote undertaken by the A. S. E. demonstrated a high degree of 
unanimity In rejecting the E. E. F. proposals, despite apparent hardship. Of 
40,000 votes recorded, 39,850 rejected the proposals; 150 voted for 
acceptance. A ballot among non-unionists throughout the metropolitan 
area showed 370 against acceptance, and 0 for acceptance Mid). 
Thus by December no form of settlement had been reached. and Barnes 
in a speech at Enfield was pessimistic about the outcome. He argued that 
re-submitted proposals by managemento put forward as a result of the 
AZ. E. ballot, showed some gains In that the status of the union had been 
recognised; and the right of unions to take the Initiative in care of 
grievances was conceded by employers (Times, 10th Dec. 1897). On other 
nore substantive issues he admitted that the crucial factor was the 
employers' strong position regarding the deployment of unskilled workers. 
Their production policies would radically change workshop organisation. 
The Influx of partially - or untrained labour into the industry would, he 
arguedo clearly accelerate the division of labour and Increase narrow 
specialisation. 
I ... an other points there was considerable risk, and they really 
amounted to the bringing Into the workshop of a new body of 
workmen, which would answer the purpose of the employerso leading 
to the specialisation and subdivision of the trade. The unions 
would have to be extremely careful In adapting thenselver. to the 
new conditions... ' Mid] 
His analysis was perceptive, for an the 31st December a leading 
engineering employer, Sebastian de Ferranti, put the case regarding the 
employment of unskilled workers. In a speech to the Manchester District 
Engineering Trades Association he argued that employers were now part of 
a Political struggle and were engaged in a conflict with Socialismi 
'It is not the ASE simply, it Is absolutely Socialism, and that 
Socialism would ruin the country... ' (Quoted in Wigham(1973 p. 282). 
Employing fresh men irrespective of the level of skill In order to train 
them In narrow, company-specific skills was a tactic designed to break 
ASE control, and to reassert 
... one of the strongest things we can do today is to show the ASE 
that they are not masters... ' (Ibid-283). 
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Vhat was the source of, the employers' confidence as demonstrated by Do 
Ferranti? 
For him, it was the increasing , use of standardized 'tools and 
Instruments, such as gauges (deriving from Whitworth's reýearch earlier 
In the century). Through this technology unskilled labour could be more 
effectively deployed: 
'Xost of them appreciate what it Is to use a gauge within three 
weeks or a month. They turn out work much better and several tines 
over more quickly than our experienced mechanics did 
before ... I (lbid. p. 283). 
Thus the existence of a large reserve of labour and simplified 
machining operations considerably strengthened the employers structural 
position, less dependent than it had been an skilled artisan labour. De 
Ferranti argued, 
'... I think it is very imortant that you should got your works going 
and push on without the ASE... '(10c-cit)- 
Employer control of technology was clearly vital to management's conduct 
of the strike. As a leader In 'Engineering' said: "If there had been no 
Improvements in methods of production ready to hand It is quite possible 
that Mr. Barnes would have won the 8-hour day ... the employers would 
have trusted to quicker speeds, heavier feeds, and more energy an the 
part of the men to compensate for the loss of the hour In the dispute". 
28th San. 18981 
The increasingly conciliatory nature of the A. S. E. secretary seemed 
to be a retraction of the union defiance in the early part of the dispute 
and a tacit acceptance of the reorganisation of engineering workshops. 
But ideological and political pressure by the employers Intensified during 
the closing stages of the dispute. The denigration of the political stance 
Of the union side was paralleled by a sustained and more general 
criticism of socialist principles. The focus of this strategy was the 
unfortunate Barnes, ASH secretary, who was also subject to Increasing 
criticism from his own side. The pro-Federation journal, Engineering, 
remarked, 
"Socialism, as preached by Mr. George Barnes ... and others of the 
same school, means social disintegration and the destruction of 
Industry". (Engineering. 31st Dec. 18971 
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i. 
Simultaneously, it was, argued that management was the cohering factor in 
engineering production - 
I... without, (whom) every factory would be a mass of, -useless 
machinery, and its workmen an undisciplined and dangerous mob'. 
Mid, p. 8031 
Hardie in his journal leader, refuted a claim that it was the socialists 
On the A. S. R. executive that were responsible for the union collapse. He 
contended that it was an 'open-secret' that the pressure exerted by the 
smaller societies had a good deal to do in weakening the engineers' case 
[Labour Leader, 5th Feb. 18971. In this connection I have referred to the 
refusal of two of the most important craft unions in the industry the 
Boilermakers and the Patternmakers to join the stoppages In London. 
Sellicks, the A. S. E. President, tried to compromise an the 48-bour 
question, a move which stimulated further criticism of the way he and 
Barnes conducted the union case against the employers. He argued his case 
to the employers; 
'Give us fifty-one all round ... you have given wages equal to It 
when trade has been good; and if you give us that the men will 
return to work on Monday'. (Quoted in The Engineer, 14th Jan. 16981 
Hardie contended that this gambit was construed as dissension among the 
union representative, and gave the employers 
Ia necessary Impetus ... (and) the rank and file learned 
with dismay of the withdrawal of the eight-hour day'. 
(Labour Leader, 22nd Jan. 18981 
Reynolds Newspaper was also highly critical of Sellicks and Barnes and 
attributed the engineers' gigantic collaps. 9% to the A. S. E. leadership 
executive under these two officials. 
'We expected the failure of the engineers ... we cannot say that we 
are surprised at what has been for some weeks a potent fact, and 
which is now an acknowledged fact'. (Reynolds Newspaper, 30th Jan. 
18081 
8.3.1v. 
FnrmAl PT? F prnponals-nf lovember-1897! An AnalynIn 
Assumptions underlying the E. E. F. November proposals support the 
case I argued earlier that the reorganisation. of work and increased 
labour control was linked to the dequalification. of skilled labour and the 
deployment of new machines manned by unskilled labour. With Increasing 
skill dequalification and decompositions the implementation of auto- 
machine production, a reserve pool of labour expanded to Include 
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displaced skilled labour as well as the mass of the unskilled labourers. 
Hence employers could argue: 
'Every employer shall be free to employ any, 'man, whether he belong 
or not to a trade union'. ETines, 4 Dec. 18973 (Proposal) 
The proposals in the Settlement covered: I- Freedom of Employment; II 
Piecework; III - Overtime; IV - Rating of workmen according to ability; V 
- Apprentices; VI - Selection, Training. and Employment of Operatives; VII 
- Proposals for avoiding Further Disputes. (The full text Is reproduced 
In My Appendix 2). 
It seems to me they embodied two fundamental principles. First, 
there was a direct challenge to the principle of collective bargaining 
and a stress an individual negotiation; second was a reassertion of 
employers' management prerogatives and extension of integrated production 
processes based on labour substitution. 
The Federated employers conceded few points throughout the dispute; 
they particularly rejected any union proposal that challenged the 
authority structure of factory organisation. Under the first head, 
Freedom of Employment, the union delegates had requested as a quid pro 
quo a guarantee that the employers would distinguish unionists and non- 
unionists, and would show no preference for the latter. The employers' 
response was to guarantee only the 'harmonious working together of 
unionists and non-unionists'. (Times, 4 Dec. 18971. It was not made clear 
how this equilibrium was to be maintained - any sanctions were not 
stated. 
The piecework principle (Proposal II), which I have argued was a 
major source of contention In previous disputes, was to be extended under 
the employers, proposals. The framing of this proposal was an attempt to 
strengthen the existing authority structure of factory organisation, by 
stressing the principle of Individual negotiation. This was evident in 
the clause which related piece price to the individual workman and not to 
collectively agreed rates. 
'The prices to be paid for piecework &hall be fixed by mutual 
agreement between the employer and the workman who Is to perform 
the work'. (Times 4 Dec. 1897](See my appendix 21. 
Notwithstanding the long-standing resistance of engineering workers to 
the practice, it was to be extended further. Burnett, former A. S. E. 
Secretary, had written In 1878 that piece-work tended 
... materially to Impoverish non employed by the day ... and increases the probable element of disagreement between employers 
and em loyed' CTimes, 12 Jan. 18761 p 
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Burns put the same view twenty years later, In a, letter to ý'the Times, 
condemning the practice as exploitation: 
In a word, piecework In the engineering Industry is but a 
transient method of stimulating a workman to greater Intensity of 
tail, often to Inefficient work thereby'. 127 Sept. 18971 
Thus the first two proposals, embodying the notions of employers' rights 
to employ any form of labour, and to negotiate conditions and wages 
outside the area of collective bargaining, were substantially supported by 
the 'Rating of Vorkmen' proposal (M. Together they proposed a 
framework of work organisation through which employers substantially 
strengthened their control of the labour process. 
Under Proposal IV, the rating of workmen seems to have been 
formulated to facilitate a workshop organisation based on 
undifferentiated labour. The reserve of available labour could be drawn 
upon and paid according to terms and conditions deternined by employers, 
Independently of recognised skills. 
'... No employer shall be restricted In employing aaX workman at aU 
rate of wages mutually satisfactory to them'. (Times 4 Dec. 18971 
(my emphasis). 
The inference here was twofold. First, the framing of conditions of 
employment, and settlement of wages were solely management prerogatives 
and were negotiable only an an Individual basis. In addition, under this 
proposal existing arrangements of collective bargaining could be nore 
easily abrogated as the traditional craft skills constituting artisan 
status became more fragmented. 
The journal 'Engineer, rationalised the proposals first by arguing 
that there had been a revolution in the methods of engineering. Barnes, 
AZ-E. Secretary, for example, was criticised as, 
'... he attempted to establish a corner In skilled labour at the very 
time when skilled labour was becoming a drug on the market'. 
[The Engineer, 28 Jan. 18983 
The development of new forms of technology rendered skilled labour more 
or less redundant: 
'The heads of the leading firms of mechanical engineers ... had begun to see that skilled labour was by no means so essential to the 
conduct of their business as it had been'. (loc. cit] 
7-1 - 
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Second, the 'Engineer' argued, wages should be calculated according to the 
laws of supply and demand; the element of 'skill' being discounted: 
This Ideology seems to have been Inspired by developments in the 
United States: 
'Let the Individual take care of himself; what Is he that he should 
be considered? This spirit extends through society generally; and it 
resulted ... in getting all that was possible out of the workman; then it was found that the better the man was paid the more could 
be got out of him ... the United States have supplied an object lesson to the English Engineers'. (loc-cit] 
Underlying the issues of collective bargaining and machine manning was 
the provision and deployment of labour. 
Two proposals relate to these issues. On apprentices (Proposal V), 
there was an unequivocal statementi 
'There shall be no limitation of the number of apprentices'. 
EVIgham, E. (1973) p. 285-289al 
The A. S. E. had recommended that the ratio of apprentices to journeymen 
should be one to three, and that the average number of men employed in 
the previous five years should be taken as a basis of calculation. The 
employers were intransigent on this issue, and stuck by Proposal V on 
Unlimited "apprentices". 
Disposition of machine tools was also a critical factor In this 
proposal. Ownership of the machines. it was argued, entailed control over 
Its disposition and responsibility for the work turned out. It was 
further contended that a feature of that responsibility was the 
employers' discretionary power to appoint 
the men they consider suitable to work them and determine the 
conditions under which such machine tools shall be worked'. 
(Wigham, E. (1973) (a)] 
The evidence shows that the kind of labour envisaged was to be adaptable 
and co-operative rather than quas i- independent skilled workers. 
'The employers consider it their duty ... to employ those whom they 
consider best adapted to the various operations carried an In their 
workshops, and will pay them according to their ability as workmen'. 
(10C. Cit] 
Underwriting this principle was the availablity and accessibility of 
altemative labour together with highly developed machine tools. it was 
argued, for example, Imen of superior quality' were less in demand. 
because I 
-247- 
apprentic es and labourers have been doing work ... which has been supposed to be only within the compass of nea who have been 
trained for years in the trade'. (Engineering, 4 Feb. 18981 
Clearly, the employers' concept of new workshop organisation- depended 
Upon a mass of undifferentiated labour, with a small echelon of skilled 
ssupervisorst 
'Some employers ... only wanted one or two special non In -a department, and were perfectly content in other respects to go on 
with the labour they had'. [Ibid. p. 1161 
Employers thus asserted that the control of the relationship of the 
number of apprentict-, to skilled journeymen was part of the inexorable 
laws of political economy over which they had little control. 
This represened a crucial change In manufacturing Ideology from one 
based an labour to one based an eystpla and tools. 
8.4.0. 
The Joint Committee of Trades formally withdrew their demand for an 
eight-hour day on the 15th January 1898; this action was endorsed by the 
ASE. The retraction was evidently sudden; even Hardie was writing 
OPtimistically an 8th January that 
'... the year opens well, and the prospects of a settlement by the end 
of the month are more rosy than ever... '(Labour Leader, 8th Jan. 1898). 
An Important political element W813 introduced with the setting up of 
negotiating machinery to deal with future disputes. Here, the advantage to 
employers of federation was manifest; 
'The formation of the Employers Federation will render impossible 
the occurences of the troublesome little district and local strikes 
which have in the past done so much mischief ... '(The Engineer, 21st 
Jan. 1898). 
Extension of reliable supervisory control In the workshops through 
,a 
less 
militant middle echelon was anticipated in a proposal to withdraw foremen 
from union Influence as much as possiblei 
le-we are happy to see a determined effort in that direction being 
made ... '(The Engineer, 21st Jan-1698). 
On the practical issues of the resumption of work, the concerted efforts 
of the REP and the significant contribution of associated Institutions 
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such as the ITEA were demonstrated, by the uncompromising conditions laid 
upon returning engineering workers. 
Barnes, in the withdrawal of the strike notice of 15th January, 
assumed that as a consequence the lock-out notices would similarly be 
withdrawn, and the resumption of work would proceed on- conditions 
negotiated during the dispute. The reply from the joint secretaries of the 
Engineering Employers' Associations Executive Committee, Biggar and 
Robinson, to the Joint Committee of the Allied Unions made It clear that 
there could be no such guarantees(EEP Xinute Book, lo. 1,21st Jan. 1898). 
'In the first instance, the employers can only restart a portion the 
men... '(Quated in the Engineer, 21st Jan. 1898) 
It had been agreed policy prior to this that federated employers were at 
liberty to re-engage workmen who had belonged to the unions, but subject 
to satisfying employers 
'... that they have definitely left their respective societies ... (and) 
shops will remain closed to trade union members until the Terms of 
Settlement have been accepted by the representative trade union 
societies... ' (Engineer, 14th Jan-1898). 
The radical shift in power relations to the employers' advantage was 
significant In the post-strike situation, particularly regarding craft 
workers' autonomy, the questions of machine manning and the use of 
unskilled labour. 
I have referred to the use made by employers of the Free Labour 
Association. Clearly there were gains by non-unionized labour as the 
craft unions' exclusivity was challenged as result of the lock-out and 
later by the Terms of Settlement: 
'During the thirty weeks the dispute has lasted, many of the smarter 
labourers have been able to seize the opprtunity of rising to the 
ranks of skilled workers... so far as these men are concerned... they 
will take the place of those who managed the machines before the 
trouble ... I(Enginear, 4th Feb. 1898). 
Biggar argued the the EEP would strictly control work resumption. 
Accordingly only 25 per cent of unionists were to be taken on. Employers 
were, he maintalned, also morally obliged, and In practice. pledged to 
support the 
'.. free labourers (who) have helped them in their need ... ' (Quoted in The Engineer, 4th Feb. 1898). 
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One outcome of this policy was that workers, Instead of being allowed to 
resume, work in, a body, were forced to apply individually: 
'These works will be opened an and after Xonday 31st January to the 
members of the Allied Unions ... it will not be possible to start all 
the machinery at once. It will therefore be convenient If workmen 
desirous of employment will send in a written application, giving 
name and address to the manager of the department where they 
previously worked. The managers will. from day to day, Inform men 
whose services are desired when work can be resumed ... I Quoted In 
the Labour Leader, 5th Feb. 1898). 
The strike and lock-out had lasted from 13th July to 31st January 1808, 
and 702 firms were involved. It was estimated that over 47,500 men had 
been implicated directly; and in the period up, to, December 1897, allied 
trades such as shipbuilding showed a marked Increase In unemployment, 
from 4.4 per cent to 14.1. per cent. 
Following the strike the traditional function of the craft unions of 
confirming skilled status through union membership was considerably 
weakened. 
The presence of an experienced reserve pool of skilled labour, 
supplementing the reserves of unskilled workers, constituted a situation 
after the strike which had not previously existed. Employers were in an 
unassailable position. This may be illustrated In the case of an Incident 
at a machine tool company where about 70 members of the Society had 
struck. Vhen the dispute terminated, thirty of these man 
'-presented themselves at 8 o'clock an Monday morning last... in the 
hope of getting back their work. One solitary applicant was 
engaged ... 1(Engineer, 4th Feb. 1898). 
i 
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PART B THE POST SIRTKF SITUATIOM 
8.5.0. 
Judgements about the immediate practical effects of the dispute are 
tempered by the fact that there was no census of production until 1907. 
Figures for overall engineering production at the time of the first 
census give an approximate evaluation of the 'state of the market' against 
which the dispute had taken place. The value of gross Output Of 
engineering factories in the United Kingdom In 1907 was t87,817,000 
(Census of Production (1907)]. This gross figure applies to the group of 
enterprises concerned with 'General Engineering'# which Included such 
areas as machine tools, hydraulic machines, boilers, mining industry, 
textile machinery, agricultural machinery. This section of the Industry 
generated gross returns of L34,955,000, of which machine tool'production 
was valued at t2,715,000 Eloc-cit]. For the engineering industry as a 
whole, (including electrical engineering), figures were not available until 
the final report of the census of production In 1913. These Indicate 
that for the Iron and Steel. Engineering, and Shipbuilding Trades the 
gross value of work done was t375,198,000; total U. K. production was 
valued at tl, 765,368,000; the generated value of engineering Industries 
thus amounted to 21.2 per cent of the total output, and the average 
number of persons employed in those industries was 1.539,415. (Census of 
Production (1013) (a)). 
These figures are arguably close enough to the actual period of the 
dispute to Indicate a highly productive market during the period of the 
strike and lock-out. The specific area of concern of this analysis, 
covered In the census by ', machinery', generated grora valuer. of 
t34,955,000 (Census of Production (1907)), the largest single contribution 
under General Engineering. constituting nearly forty per cent of total 
production inAhis area. The machine tool sector, a relatively small, part 
of the Industry as a whole, alone constituted 7.7 per cent of the gross 
value. 
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The data outlined -here suggest that the 'prevailing market ensured 
economic - returns - were secure 
during the dispute. In addition to 
preserving profit rates, the employers widened even further the areas of 
control over the organization of work, the Implementation of new 
technologies, and the redesignation of skilled work in the industry. 
8.5.1 
Trmdn Unign Support fnr the Enjinceml A Qup! -tinn mf Rmlid, %rity., 
Regarding some of the social aspects of the dispute Itself, on, the 
union side, moral and financial support came from a variety of sources, 
In early December 1897, MacDonald, the Secretary of the London Trades 
Council, issued Invitations to a general conference of trade unionists of 
the country to consider the best means of affording support to the 
organisations engaged In the dispute. He received 112 replies, all-to the 
effect that the unions were prepared to take part In the proposed 
conference. Solidarity was expressed by the following: the Amalgamated 
Society of Railway Servantso the Durham Mineral Association, the 
Gasworkers and General Labourers' Union. the Ironfounders' Society of 
Great Britain and Ireland, the London Society of Compositors,, the 
Operative Bricklayers' Society, the Cigarmakers' Society, and the British 
Smelters' Association, (Times, 23rd Dec. 169? 1. In one day, officials of 
the Engineers' Society received t3#5OO toward the lock-out fund. Included 
In this amount were the following donationsi t225 from the members-of 
the Engineers' Society in Johannesburg; t100 from the Boller Firemens, 
Society of Great Britain; t50 from the Penrhyn quarryment t50 from the 
Xill Sawyers, Association; t50 from the United Kingdon Coachmakers' 
Society; t50 from the Card Machine Tenders' Society. (Ibidl. 
At the, termination of the dispute It had been estimated that-a total 
Qf'4140,000 had been subscribed from outside sources to the workers-, in 
contention . To this was added t65,000 
from the capital account of the 
differentýsocietles included In allied trader; and t230,000 subscribed in 
levier by men working. (Labour Leador, 5th Feb. 18981. The - capital 
account of the A. S. E. had been subvented by t65,000-, which taken with loss 
Of wages estimated at tl, 200,000 for engineers and tl, 8oo, ooo for allied 
workers made a specific loss of t3,000,000, and a general total of 
t3,700,000. (Ibid) 
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The financial position of the Engineers' Society was parlous after 
such an enormous outflow of funds. It seems to me that some practical 
measure of the extent of the lose may be gauged from the evidence 
relating to the social labour costs during, and preceding the dispute. In 
1880 a fitter in London earned 38/- for a 54-hour week (32/- In 
Birmingham); at the end of the 2890's this had risen to 38/- , (36/-) 
(British Labour Statistics, Table 11. Taking the Industry as a whole, In 
1888 nearly 60 per cent (59.4) of all engineering workers, earned between 
20/- to 35/- per week; less than 9 per cent (8.3) earned between 35/- and 
40/-; and 3.8 per cent earned above 40/- Mid, Table 35). Some retail 
food price fluctuations in London provide an illustration of the cost of 
living obtaining during the same period. For example, potato prices 
showed a4 per cent drop In the period 1888-1898; the cost of broad rose 
by 12 per centj bacon rose 4 per cent; tea fell 30 per cent; while flour 
rose 21 per cent 11bid. Table 871. In the period 1892-1898 alone. rent 
Increases were nearly 7 per cent [IbId. table 883.1 use these figures to 
show some of the cost, in social and financial terms, for an amalgamated 
union, albeit of much-vaunted strength, Incurring a loss of nearly t3km. 
against a background of increases In staple food prices and rents; while 
skilled worker wage rates had increased. In the eighteen year period 
1880-1898, five and one-half per cent. 
The accumulation of substantial funds for contingencies such as 
benefit and death schemes had been carried out by the A. S. E. In the period 
since 1851 and seems to have represented a demonstrable stability and 
astuteness an the part of the A. S. E. executive. The weekly levy for A. S. E. 
members was 1/- per week, with an entrance fee ranging from 15/- for 25 
year old men to t2.10.0 for workers at age 40, after which membership 
admittances was not posiable ER. C. an T. U. (1869)). 
This business acumen, aligned with the confidence engendered by a 
belief In their ability to command higher than average wages promoted, & 
rising tide of ambition which culminated In the challenge to the 
engineering employers. The employers reacted by establishing a closer 
network of co-operation and confronted the A. S. E. over key Issues which 
had been sources of contention since the onset of machine tool 
automation: 
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I... - the vital character of the issues brought daily accessions to 
the Federation ... 702 firms successfully resisted the attenpt to 
enforce a reduction of the working hours ... and who vindicated the Employers' right to Freedom of Nanagenent'. (EEFIFederated Listf 
(1898)] 
1 
The significance of the, engineering employers', conblaatIon -was not 
confined to regularizing the , implementation of new - technologies, 
accelerating the decomposition of artisan skills, and consolidating their 
hegemony. As the proposals in the Terms of Settlement show, it reinforced 
their predominantly negative attitudes to trade training andý education, 
the future of the apprenticeship, and the status of skilled workers. 
Clearly these elements interacted with emerging ideas an technical 
education which, as the evidence has shown, tended to be overshadowed by 
part-time, evening class principles. 
8.6.0. 
Thn Tnrtvt% nf M. %e-hliia MAnnino aft: Pr thA EdtIP'll"t Of 1898 i 
Although it is, clear the engineering employers were determined to 
consolidate the advantages gained through the 1808 terms of Settlement 
and their ratification In 1907 (see Appendix 2(b)). the question of 
machine manning was repeatedly In contention from 1898. Between 3rd 
February and 25th October 1898 six major disputes were recorded 
concerning unskilled manning of machine tools. (EEP Case Register, 1892- 
1906). The Armstrong Vhitworth Company was challenged in February over 
the use of labourers an a grinding machine. The General Electric Company 
In Manchester insisted an the employment of labourers an 36" vertical 
Boring Mills in July; while in August a Scottish firm (Clyde Xitchell) 
was confronted by Society men over the use of labourers an lathes. A 
strike Occurred again in August against unskilled labourers being used an 
two Rolling mills in Manchester. In October, men at the J. Bertram 
Company in East Scotland refused to man more than one machine. (Ibid 
extracts from months stated]. 
The following year raw a similar situation with employers using 
unskilled labour on machine tools as the Terms Of Settlement proscribed. 
Skill substitution generated resistance from Society men, despite the 
conditions laid upon them by the 1898 settlement. On three occasions the 
manning of turret lathes was contested. At Hulls Blackburn, and Burnley 
the employment of labourers, or 'handyman's an automatic machines was 
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challenged by the union. The attitude of , one company toward 'self - 
Improvement' was demonstrated by the sacking of a worker and the 
Confiscation of machine part drawings done by him In a firm In Sheffield. 
[Ibid. Extract for 29th Mov. 1899 - Crooke Bros., Sheffield]. Xultiple- 
machine manning was again challenged at a firm In Blackburn where the 
working of two lathes by one man was pressed by the managenent, the 
$employers right (being), admitted'. (Ibid. 13th June 1899). Similarly two 
adjoining planing machines in a plant in East Scotland were assumed, by 
management to be capable of operation by one man, a position that was 
also contested. 
Evidence suggests therefore that throughout 1900s the process of 
challenge and counter-challenge over machine manning continued unabated. 
Automatic machines such as turrets and capstan lathes were particularly 
In contention. However in none of the recorded cases In the E. R. F. minutes 
was there evidence of any concession granted by employers. In Xarcb- 1906 
a circular letter was issued to Local Associations of the Federation on 
the specific management problems associated with turret lathera. A case 
was developed over the manning of a No. 10 Combination Turret lathe at 
the Xanchester firm of Wz. Muir. A handyman was put to work an the 
machine under a charge hand (an A. S. E. member). Two members of the A. S. E. 
refused to handle work, turned off the machine and consequently 
I... discharged themselves". The firm replaced the turners with non- 
society men and continued to work the turret lathe with handymen. The 
A. S. E. men and apprentices struck in protest. The Federation decided to 
make a test case and took up the strike with the London Council of the 
A. S. E. (EEF Circular Letters] 
8.7.0 
Engineering employers in the latter part of the century exercised 
the considerable advantages gained from their domination of new machines 
and different labour forms. The effect an the apprentice-journeynan 
ratio, for example, was evident. I have produced evidence which has 
shown that the ratio tended to increase as the perceived need by 
employers for any systematic training receded (my analysis above ch. 5). 
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Even before the strike there 'was an inclination to dismiss apprentices 
when they became expensive: In some cases, 
there (was) a tendency to do without apprentices altogether'. 1R. C an Labour (1894) p. 1151 
As I have previously argued, there was considerable use of boys as a form 
of cheap labour in this period. An illustration from Belfast shows this 
apprentice decline in practice. A small engineering concern In Belfast 
employed five Journeymen and thirty-three apprentices. The recommended 
ratio at the time war. 1: 3 (Ibid). 
In a report of 1893 Whittaker of the A. S. E. produced evidence which 
showed that it was not uncommon to f Ind a ratio of 12 apprentices to two 
Journeymen (R. C. on Labour 1893) q-227621. 
The I. T. E. A. had previously advocated a 'flexible' non-binding system 
of training for young workers, canvassing the view that such a system 
would allow freedom 'on both sides', and permit a change of occupation 
"#.. where a lad Is found on trial to be unfitted for the one at 
first chosen". (Ibid. p. 1161 
The confrontation between engineering employers and workers In the late 
1890s was not therefore simply about the economics of production. It was 
also concerned with the reproduction as well as the deployment of labour 
power. The ability of A. S. E. members to confront employers turned largely 
an their claim to superior skills in the various engineering functions 
within the trade. In the view of the A. S. E. especially, the chief 
guarantee of such skill lay in the apprenticeship system. 
Clearly the conception of engineering skill hold by employers was 
changing. It was perceived by some as characterised by an increasing 
separation between basic craft skills and the underlying technical and 
scientific basis of those skillet 
'The part played by manual labour In the creation of wealth is 
exaggerated. The part played by administration, by the genius which 
invents and the brain which controls, is persistently minimisede. 
(Saturday Review, 2nd Sept. 18971 
In other words, control over the labour process In engineering was seen 
In terms of regulation of new technologies in which the contribution of 
skilled workers was marginalized. Control over machines had become 
central to the dispute, reinforcing a closer direction of artisans whose 
skills, shedding their transferable qualities, had become Increasingly 
Company specific. 
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'The masters are indisputably in the right In claiming full control 
of their machines, for if intellect is not left as free as industry 
In the entire labour region there is no hope for the country which 
consents to see its brain-power laid in fetters'. (Spectator, 22nd 
Jan. 18981 
The pro-employer press reflected the changing emphasis an labour-contral 
through technology: 
'It is, In short, af Ight for supremacy between a Union which 
regards itself as 'the aristocracy of labourl and the employers who 
feel that the power of directing their own works is rapidly slipping 
out their hands ... they ... want to lessen the power or the disposition of the Union to Impose exasperating terms upon the 
conduct of industry'. (Saturday Review, 4th Sept. 18971 
8.74 
r-nnflie-t nver Pöwer Ralatinns! Inh r)ornmrtntfnn 
The post-strike disputes, viewed as part of the ongoing struggle 
over power relations in the workshops. highlight the Ideology of control 
which rested an the contentious Issue of job demarcation. 
Faced with a prospect of gradual and persistent downgrading of 
their skills by employers, a number of strategies were open to 
engineering artisans. Among these was the maintenance of clear ckill 
boundaries, i. e. the demarcation of jobs. This attempted to counter 
employer tactics to diminish the social and technical currency of any 
particular engineering craft skill by Increasing Job differentiation. 
Employers, such as Robinson, Bayer, and Noble, whom I discussed 
above, argued for 
a)the 'democrat Isation I of all skills, I. e. the breaking down of skill 
boundaries. 
b)a rejection of the claim by a skilled minority that their skills 
demanded systematic training: 
'If ... our conception of the 'skill' which we might have worked for 
and desired Is what might be called 'craftsmanship', we must 
conclude that the demand for skill Is. on the whole, decliningo. 
(R. C. on Poor Laws (1009) p-3461 
The employers' belief in the new technologies encouraged increased 
specialization in the workshops, undermining the generalized skills of the 
traditional metal tradesmen: 
'The all-round ability# which used honourably to mark out the 
mechanic, is no longer in demand, so much as the work of the highly 
specialised machine minder'. Mid] 
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The essence of the demarcation Issue was the claim by craftsmen to 
control delineated areas of craft knowledge and expertise. As Barnes 
argued, 
I... the skilled men require even more skill than they did because of 
the finer work and more Intricate machinery ... side by side with 
automatic machinery there has come about more Intricate and highly 
complicated machinery'. (Ibid. Kinutes of Evidence, Val. VIIII, 
Q. 829431 
But the employers had been consistent and saw it in terms of an ideology 
of production, as an Issue of control of work and labour. Ara they claimed 
during the dispute: 
I... trade unionism ... (as) the Inviolable restriction of certain work to the members of the union, and demarcation of work is the 
necessary result of such a policy ... a now unionism which must therefore disappear ... I (Engineering, 15th Oct. and 5th Nov. 18971 
Later evidence submitted to official inquiries such as the Poor Law 
COmmissian(1909) confirmed these hostile views an the part of employers 
regarding the demarcation policies of the unionst 
'There is ... pretty general agreement that at present Trade Union Ideas and regulations are very Inimical, If not hostileo to trade 
nobility - the many bitter and prolonged disputes about 
'demarcation' being cited In proof'. (R. C. an Poor Laws (1909) 
p. 3481 
The Commission, held that trade nobility could be facilitated through 
'technical training'. 
'If, at school', young people were taught, first of all' to be 
Intelligent - to 'think', In fact - and if technical training were 
genera 1-non-specialised, and teaching principles rather than 
practice - mobility would have a better chance'. (R. C. an Poor Laws 
(1009) p. 3481 
According to this view, the relation between engineering production and 
'technical training' was unproblematic - it promoted trade mobility, the 
breaking down of barriers between trades# and 'democratised' the labour 
process. 
'There would be no difficulty In providing for trained machine 
labour at least'. (Ibid. para. 2391 
The concept of trade mobility was clearly used to promote the Idea of 
fluidity of labour across skill boundaries. Ramsay Xacdonald In his 
cubmission to the same 1009 Commission put forward the view that, with 
respect to trade mobilityo there war an Integral link between the 
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organisation of labour and the organisation of capital. LIbid. Minutes of 
Evidence, Ans. V] 
8.7.11 
Tradg Uninn Rivalrlan! Employoral Triftlativen 
Developments after the turn of the century show that employers continued 
to capitalize on their extended control over the labour process. Noble, 
E. E. P. spokesman at the 1006 Royal Commission an Trade Disputes, adopting 
a new tactic, argued that inter-union rivalries had created a new function 
for employers; they were now occupying objective roles as mediators; a 
conception of management as 'innocent bystander'. (R. C. an T. D. (108) 
P-1611. Another commented earlier that they were compelled to stand 
'helplessly by' as demarcation disputes took place. 
'Employers need more power ... to say what men shall perform certain 
work ... ' (Saturday Review, 25th Sept. 18971 
But between 1890 and 1903 there were twenty four serious strikes 
recorded by the Employers' Association. These were principally concerned 
with the issue of demarcation and the expressed right of certain trades 
to exercise some kind of authority over methods and pace of their work. 
Of these, ten were directly concerned with the question of machine 
manning and related issues, and the assertion by the Society that its 
members were the competent workers for employment on machine tools. 
In a particular case in 1001, the A. S. E. claimed that turret lathes 
should be worked by turners or at least apprentice turners. This claim 
brought them into dispute with unskilled workers, 'Xachinemeal. 
Xanagement's response in this case was to reassert their own claim that 
these machines had always been worked by 'Xachine Boys' and 'Machinemen' 
(on account of the Factory Act now allowing boys to work through the 
night). (Synapsis of Demarcation Cases, E. E. F. Xar. 10011 
The point at Issue was recorded as a demarcation dispute between 
the members of the 1A. S. E. and Xachinemen'. Noble's evidence to the 1904 
Royal Commission shows that this. as in the other recorded cases, the 
employers' view was enforced by the Federation (R. C. on T. D. & T. C. (1004) 
Q24111. 
Noble implied that the terrain of dispute had shifted from the 
confrontational arena of capital and labour to internecize rivalry within 
and between unions. 
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In comparatively recent years a far larger number of strikes', In 
the north eastern district were due, not to disputes between 
employers and the employed, but between different trades among 
themselves ... I (Ibid. p. 1631 The employers' belief In the durability and consistency of their triumph 
over the unions in 1898 underpinned the continuing struggles with the 
A-S. Ej the watershed in labour politics was clearly located In that year. 
8.7.111 
puturp? FedaratIng Rmployerra. - The Pattern r,,, t fmr thp 
It is evident that froz the inception of the E. E. F. as an entity 
there was an increasing inflexibility characterising negotiations 
concerning labour substitution. 
'In the engineering Industry the epoch of change dates from the 
agreement effected between the Federated Engineering Employers and 
certain Allied Trade Unions in Januaryp 1898, and to this the 
attention of the Commisison is specially directed'. (R. C. on T. D. & 
T. C. (1906) Q. 24101 
The Engineering Employers Federation by this time had expanded to a 
membership of 865 employing 500,000 workers with an annual wage bill of 
t25,000,000. Eloo. cit) 
The employers reaffirmed their control that had been gradually 
expanding since the 1890s. V. Glennies, the A. S. E. secretary, highlighted 
the long-term effects of an earlier dispute, 
'During our last dispute, while we were out for thirteen weeks, the 
employers filled the machines, and other places, where the men had 
been working, with apprentices, to the extent that when the strike 
closed, 24 per cent of our members could not got started again ... 
(R. C. on Labour (1893) Q. 227951 
Other than the direct. profound consequences of unemployment this was an 
Issue that had other serious implications for skilled adult workers. With 
a substantial reserve of unskilled and boy labour to call upon there was 
added pressure an them, One of the effects was the restriction of the 
majority of skilled adult workmen engaged In the engineering trade to a 
working life of about twenty years. (Ibid. 3rd Report, Whittaker (ASE) 
Q. 227821. . 
I... the majority of shops will not set a man to work who is over 40 
years of age. That Is the limit at which they will engage them ... 
If he gets out of a shop where he has had continuous employment as 
a permanent hand, he finds great difficulty ever getting into this 
trade again'. (Ibid. Q. 227041 
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A restriction on the length of working life acted as a disincentive for 
employers regarding both technical education and their response for 
appeals-, for, a more radical reactivation of the moribund apprenticeship 
system. 
The process of labour substitution by 10th century employers took a 
number of forms; the most common was the 'upgrading' labourers to 
machine work. Particularly noticeable was the employment of unskilled 
operators an repetition worko using automatic-type machines. This was 
firmly argued by Noble, in his 1893 Royal Commission evidence: 
'In the particular works where I am engaged we have a great deal of 
repetition work. Ve have, for Instance, a machine that does one 
particular thing and nothing else, and we have found that labourers 
who have been gradually trained and advanced do their work better 
than skilled mechanics. They devote themselves to one thing and 
they do it very well ... ' (Ibid. Q. 252201 
Clearly there was a marked decrease In employer reliance an skilled 
machinists. Employers had access to a reserve of labour, providing 
alternatives to artisan labour an a scale which had not existed In 
previous disputes. 
8.8.0 
Siminary and Discunnfrin g 
The evidence shows that issues concerning the survival of the 
apprenticeship system, and the questionG of machine manning 
interpenetrated and underlay many engineering employer-labour disputes of 
this period. 
I have sought to show that the 1897-98 strike and lock-out was more 
than a conflict over economic Issues, but had wider ideological and 
political Implications. It plainly strengthened the engineering employerse 
resolve to replace skilled labour and In the process confirmed their 
declining Interest in the historical form of trade training, the 
apprenticeship system. Yew technologies implemented by then were 
specifically designed to ensure as far as possible the accommodation and 
Integration of low-level skills. Concerns over skill differentials 
therefore assumed a central position In the dispute, and In any 
explanation of the critical importance attached by both aides to the 
question of machine manning and skill substitution. 
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From the 1860s the employers had focused an what they perceived to 
be the main impediments to the extension of their power and control In 
the factory system, of which the ideology and solidarity of the 
amalgamated union were the most significant. The employers carried their 
suspicion and hostility regarding the trade unions, which they had 
demonstrated In the Inquiry of 1868, throughout the century. II 
Thus by the 2890s they were 'absolutely resolved' to defeat the 
unions an significant issues, and believed that the 
'--# engineering trade of this country cannot be carried an unless 
they carry their point'. (Timeso 4th Dec. 1897). 
A number of employers at the 1897 conference expressed views that serve 
to highlight the significance of these basic Issues: 
'The question of management is paramount ... Accident, the nere fact that the men entered In the early summer upon a conflict which they 
had not the slightest chance of winning has brought the question of 
management to the fore ... ' 
The strength of this conviction drawn from the belief that I 
'... the skilled man grows less and less and the machine grows more 
and moral. (Ibid) 
The dispute demonstrated the power and effectiveness of the employerw 
combination, highlighting also their capacity to extend control over 
the total labour process, especially over the organization of work. They 
Insisted on the capitulation of the combined unions, despite what would 
seem to have been a weakness in their case by spreading the dispute from 
London to the provinces. In effect, this move made the cause of the 
metropolitan employers the cause of the whole trade. The struggle of 
power relations in the industry entered a now phase. For the first time 
the amalgamated union, the ASS, was confronted by a 'national' conbination 
of engineering employers. 
Vbat of the effects of the strike on the Issue of trade training and 
education? 
Although obscured by the Intensity of tha conflicts over machine- 
manning. more profound ideas about the apprenticeship Gystem. and 
technical training, were incorporated indirectly Into a national 
engineering employers' policy. 
The successful outcome of the conflict confirmed for employers that 
the historical method of trade training for young workers under 
apprenticeship schemes was clearly inappropriate for management needs. By 
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consolidating their decisive control 'over workshop training, according to 
their own prescriptions, they rendered Ineffectual government proposals 
for a national system of technical education. 
EEP deliberations in the period from 1898 through 1007(the year the 
1898 Settlement was ratified) and beyond, were consistent in so far as 
they perceived management control of the labour process an characterized 
by employer dominance, of new technologies manned by mainly unskilled 
workers. 
Operational imperatives clearly took priority over training and 
education for young workers: 
'the continuous evolution of the engineering Industry has made it 
incumbent on the employers continually to be adjusting their 
processes and methods to meet the demands of the Industry ... 11EEF 
(1927)P. 201. 
The Insistence upon full disretionary and exclusive powers In the area of 
training labour to meet their own, limited specialized needs enabled 
employers to circumvent the traditional resistance of artisans and the 
Craft unions to labour and work reorganization. 
The unions' claim to be beneficiaries of traditional craft skills 
turned largely on what they perceived to be a rational(and legal) basis 
for their authority over engineering skills, the apprenticeship system. In 
contrast, the employers diluted the relationship between young workers, 
'apprentices', and journeymen, thus weakening the exclusiveness of skilled 
workers. The 'bound' apprentice was replaced by an ad boo 'trainee' Gyctem 
Contingent upon the needs of Individual companies and the Iron law of the 
narket system: 
'... the proportion of apprentices to Journeymen Is controlled by an 
economic law and has varied only In small degree ... I(EEF(1927(. p. 18). 
Economic short-termism underpinned the employers arguisent that the 
apprenticeship issue was in any event made nore complex by the machine 
manning issue: 
'the latter Is in a transition stage and how far the work of the 
skilled man will be ultimately modified or restricted by the 
Introduction of machines Is imposible accurately to 
appreciate ... I(BEf (1927)p-191- 
As I argued in my previous chapters. the basis Of the highly mod^1fied 
Itrainingi to be afforded under the Terms of Settlement at the end of the 
strike was already being gradually Implemented during the years preceding 
the 1897 Conference. Col. Dyer. of the Elsw1ck Works, Newcastle, and 
-283- 
Chairman of the Employers' Federation, principal spokesman on the 
employers, side, wrote in September 1897 that learning a trade was 
contingent upon the needs of productiont 
'The majority of the men employed had to go to the works during the 
strike as unskilled men and had been trained to perform the duties 
required of then, with the result that the output had been Increased 
two-thirds ... I(Tines, 5th Sep. 1897). 
The position was reaffirmed in the subsequent agreement of 1007 under 
which management formalized the tentative proposal of 1898 concerning 
selection and training. Under this article control over two critical areas 
Of craft training, the apprenticeship system and the general principles 
governing access to traditional engineering skills, for example. young 
apprentices working alongside tradesmen were forfeited by the unions: 
'Employers In view of the necessity of obtaining the most economical 
production whether by skilled or unskilled workmen, have full 
discretion to appoint the men they consider suitable to work all 
their machine tools and to determine the conditions under which 
they shall be worked... 'tEEF(1907)p. 393). 
The collapse of co-ordinated engineering union resistance marked a 
decisive turning point for both unions and employers; the unions were 
forced to reassess their position via A via the employers and the 
unskilled workers in the engineering trades. One source suggests that one 
of the political outcomes of the strike Was the conversion of the trade 
union movement to the Independent Labour Party: 
'Thoroughly disillusioned the unionists sought to supplement their 
inadequate industrial power by recourse to more determined political 
action'. (Crowley, D. V. (1956) p. 8821 
The 1897/98 conflict In the engineering Industry confirmed the 
Interpenetration of work and technology, and the power of the employers 
over their organization and Implementation. It also vindicated the 
analysis by Xarx of the interaction between labour power. machinery and 
modern Industry. He argued that with substitution of human skill and 
labour by machine, the exchange-value of the workman's labour power 
vanishes. This put the worker at considerable risk: 
'The workman becomes unsaleable, like paper money thrown out of 
currency by legal enactment. The portion of the working class, thus 
by machinery rendered superfluous# either goes to the wall In the 
unequal contest of the old handicrafts and manufacturers with 
machinery ... or swamps the labour market, and sinks the price of labour power below its value'. Marx, K. (1887) (1061) p. 4311 
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In my next chapter I seek to draw upon my analysis of the nature of the 
conflict between the E. E. F. and the A. S. E. in 1897 In order to show how 
the dynamics of this confrontation 'rendered skilled workers superfluous'. 
I shall examine some of the educational developments which were taking 
Place In the period leading up to and during the strike and attempt to 
demonstrate more precisely the ways this conflict Influenced the course 
of technical education. 
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9.0.0 
Intmdue-tim3l 
Xy aim in this Chapter Is to show that the Issue Of 19th century 
technical education was related to a central problem facing a significant 
part of the skilled working class of the period. This was Its relatively 
disadvantaged social position, and the corresponding difficulties in 
obtaining benefit from the kind of general and technical education 
available, from any source. Further, the situation was not perceptibly 
helped either by the formation of the City and Guilds of London 
Institute(CGLI) in 1878, or by the enactment of various pieces of 
legislation from the late 1880s. 
The evidence suggests that artisans were unsure which position to 
adopt regarding technical education. On the one hand they sought to 
Improve their access to technical education such as existed, through 
state provision. On the other hando they attempted alternative strategies 
through the Workmen's Technical Education Union and similar bodies. They 
also exercised a lobby through their association with the Society of 
Arts. In earlier chapters I have discussed what seems to me 
contradictions underlying these educational Initiatives. But there were 
also practical benefits deriving from theGe contacts exemplified in the 
Society of Arts' Organisation of the technological examination system in 
1873. 
I have analysed the nature of the concerns expressed by skilled 
workers over the concomitant decline of the apprenticeship system. Part 
of this argument has been that employers were content, in the main, to 
allow the system to fall into decayl and resorted to increasing use of 
boy labour as opposed to apprentice labour. 
In 1909 R. H. Tawney concluded that progress of invention in 
mechanical engineering had had the effect of multiplying the number of 
posts held by boys working automatic machines. There was an Increase in 
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the proportion of boys under fifteen employed In the trade among -tool- 
makers, and erectors, f itters and turners 
in fact In that very engineering trade which, was once supposed to be, a stronghold of the apprenticerahip system". I R. H. Tawney(1909, p. 555). 
And as far as machine tools were concerned, it was probably the most 
influential of British engineering manufactures, and heavily dependent 
upon skilled labour, but according to Hobsbawm(1074) 
'... nowhere did foreign countries leap ahead more decisively than in 
this f ield ... I(P. 180). 
Earlier, In 1878, specific concern over the changing conditions of skill 
acquisition and the chaotic state of the apprenticeship system In general, 
stimulated certain Livery Companies In London to consider ways of 
applying some of their bequeathed funds to encourage some form of 
technical education. Their immediate interests were the trades with 
which they were individually associated. By 1683, the Clothworkers Livery 
Company especially, believed the lack of 'proper' craft training and 
technical instruction were Impediments to trades and manufacturers in 
England. (R. C. on T. I. 7th Xay, 1883, Xinutes of Evidence]. There was also 
anxiety over the threat of hostile legislation by the Gladstone 
government intent an deploying Livery funds as a support for technical 
education (Brennan, E(1959)1 C. A. & P. L. R. Horn (1980p. 701. 
But the structure and Organisation of the Institution which emerged 
from the Livery Companies' deliberations, seemed to strongly reflect the 
employers' views on training and educationo and reinforced the separation 
Of craft practices and the apprenticeship pattern of training from 
technical education. My case in this chapter Is that the formation of the 
City and Guilds of London Institute (C. G. L. I. ) which developed from the 
Livery Companies' recommendationo last itutionalised a part-time model of 
technical education for workers, and also put in train the notion of 
$evening classes as a means of secondary education for the massas'. 
These developments were clearly influenced both by the State's reluctance 
to accept responsibility for technical education, and by the power of 
employers to significantly affect the pattern of trade training and 
technical education. 
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What, in ef f ect, was the State -doing about technical. education provision? 
What was the nature of the Interaction between the Livery Companies and 
the Science Directory at South Kensington? In what ways were the various 
Bills concerned with technical education, during the 1880s and 1890s, 
Influenced by employers' views an technical education? Did the employers 
exert a demonstrable Influence over emerging technical education 
developments? 
knalysis of the formation of the CGLI and a number of pieces of 
legislation enacted during this period provide some Insight Into these 
questions. Xy analysis begins with a brief resume of existing provision in 
the 1860s and 1870s. This will be followed by an analysis of the relevant 
legislation up to the next century. 
0.1.0 
The MrAntnry an&Sclonve ProvisIgnAn the lA8Q'n gLnd 18701n 
From the 1880s and 1870s the official attitude towards 'technical 
education' was narrow and based exclusively an existing science 
provision. The policy meant that any extension of provision had to be met 
either from voluntary contributionst or from existing resources under the 
Directory's science scheme. 
The main emphasis was an a theoretical approach to science, a bias 
which was reflected In the range of science subjects taught In schools, 
and which was to remain unchanged until 1808. This invites the question, 
what ideoloigy sustained these provisions and whether they were adequate 
and relevant to the working classes of the period? 
Is I discussed in my previous chapters, such provision was 
certainly fragmentary, particularly In the late 1860s. There were 
elementary classes, in 'science' subjectoo generally held in connection 
with mechanics' or literary institutes. They were confined chiefly to 
London, Lancashire, the West Riding of Yorkshire, Cornwall; Birmingham, 
Glasgow, and Edinburgh, Elsewhere, these classes scarcely existed, with 
no classes In the North-east, Eastern and WeGt Midlands, or Southern 
Counties. (R. C. on S. I. (1865) pp-ift, iv). 
The object of the Science and Art Department in this context was to 
aid Instruction in science In the following 23 "subjectsvi 1) practical, 
plane and solid geometry; 2) machine construction and drawing; 3) 
building construction, or naval architecture and drawing; 4) elementary 
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mathematics; 5) higher mathematics; 6) theoretical mechanics; 7) applied 
mechanics; 8) acoustics, light and heat; 0) magnetism and electricity; 10) 
inorganic chemistry; 11) organic chemistry; 12) geology; 13) mineralogy; 
14) animal physiology; 15) zoology; 16) vegetable physiology and economic 
botany; 17) systematic botany; 18) mining; 19) metallurgyj 20) navigation; 
21) nautical astronomy; 22) steam- 23) physical geography. (Council an 
Education (1867-8) pp. 1-31. 
The administration was based an a paynent-by-results system, under 
the control of the chief executive at the Directory at South Kensington, 
Donnelly. Direct payments were to be made to teachers only an behalf of 
adult artisans or the children of artisans [Privy Council Xemo. (1867)]. 
The avowed aim of government was therefore the encouragement of the 
teaching of 'science' in elementary schools through grants, and elsewhere 
through a scholarship scheme. Fo differentiation, according to specif Ic 
skills or direct applications to Industrial practices was mades 
'The object Is to promote instruction In Science especially 
among the industrial classes'. (Privy Council Xeno. (1887) 
Appendix DI 
9.1.1 
Although limiting the scope of science teaching In Institutions 
under Its financial and ideological control, the government also monitored 
other educational developments. Of these, 'technical education' was a key 
Issue from the 1880s. The pressure from government to make technical 
education provision self-financing, other than that available under the 
Science Scheme, may be seen as part of the State's rigid adherence to 
free-market policies and Its reluctance to accept responsibility for this 
branch of education. Governmental oversight of developments through the 
payment- by-resu Its system seemed to be an Ideological as well as an 
economic strategy, for even within Its own terms of equating scientific 
with technical education, actual rotate support was limited. Xoreover the 
crucial supervision of the Science Directory's annual examinations war in 
the hands of part-time inspectors. These were officero recruited from the 
Corps of Royal Engineers, 'who could be fobbed off with a fee Of Li a 
day ... as temporary appointees ... '(C. A. & P. L. R. Horn(1981)p. 33). The evidence 
suggests, however, that despite its reluctance to engage fully In 
technical education, government maintained a superviscry role over both 
state and non-state developments in the area. 
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As Horn(1982) said, , 
I ... the treasury's parsimonious approach ... did not prevent it from 
censuring any "unnecesary" expenditure which might occur within the 
stringent limits laid down ... I (p. 22). 
In his study of the educational reformero Robert Lowe, Sylvaster(1974) 
also made the point that, 
'During the 1880s, the Treasury made further attempts to keep down 
expenditure an science subjects by placing restrictions on the 
amounts which teachers and pupils could earn in science ... I (p. 35). 
Another effective means of government supervisory control was through 
the use of 'cross-appointments'. This provided for a government official 
sitting on a number of Boards and Committees reviewing science and 
technical education provision. Donnelly, who was also an the Board of 
the Society of Arts, and later the City and Guilds of London Institute, 
Was a case in point, 
But the ad boo administration generally, and the payment by results 
system compounded to make science teaching as a profession unattractive 
(S. C. on S. I. (1868) p. vl. 
Commenting on a relative decline In the percentage of children 
taking science subjects as compared to non-sclentific subjects between 
1882-3 and 1887-8, the Journal of the Society of Arts attributed a 13 per 
cent drop to the negative effects of payment by results: 
I... other non-scientific subjects were more remunerative an the day 
of the examination'. (Journal Society of Arts (1889-90)] 
Throughout most of the century there was a manifest shortage of science 
teachers. 
'Technical education', Ill-defined and fragmentary in the 1880s and 
1870s, thus generated cautious government Interest, tempered by 
prevailing financial constraints. Legislation followed In the 18806 which 
reasserted the government's intention to leave technical education funding 
to market forces and to put the anus of financing it an to the 'Consumer' 
as much as possible. This was evident as early as 1869. Playfair alluded 
to this laissez-faire doctrine, asserting that government plainly wished 
to foster a 'self-help' attitude in technical education. For example, 
referring to Manchester, he argued in the Commouss 
If Manchester desires technical education she ought to provide 
It solely at her own expense'. (Hansard (1860) Cal. 2051 
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Thus the typical Victorian 'self-help' attitude was reiterated throughout 
most of the period. It re-appeared, for example, in a paper delivered by 
a prominent scientist and lecturer of the next decade, S. P. Thompson who 
became the first principal of the Technical College at Pinsbury under the 
City and Guilds of London Institute. Speaking an 'technical education' he 
said: 
'When they began to specialise Instructions it ought to be paid for 
by the parents, or by an endowment; it was not the part of the State 
to provide that kind of education'. (Thompson, S. P. (1870) p. 431 
Attempts to modify the Directory's scheme originated as early as 
1867(after the Paris Exhibition) and came from different factions such as 
the artisans through the T. U. C., and Society of Arts proceedings. The 
Society of Arts evaluated provision according to external examination 
results of Institutes In union with the Society. 
Scientists such as Scott-Pussell and Huxley also sought to affect a 
change in government attitudes, but made little progress. 
V. E. Forster, responsible for the first legislation In compulsory 
education In 1870, argued in the House that the governuent's duty towarda 
technical education was merely advisory and not a practical commitmenti 
I... government's duty was guiding and stimulating those who were 
engaged In that branch of instruction'. Mansard (1889) Col. 2131 
Support for the government's free-market policy was found in the 
establishment Press of the day. The Times reported: 
'We agree in the conclusion that the interference of the Government 
in technical education would be an act entirely beyond its proper 
province. No necessity exists to Justify It ... If tnchnlcal rchrinIn 
be nnt Prt)%h11rhPd we mu, -t rnncluda thnt the m1lecred ilecen-nity fnr: 
thpin dneý_ not py1rt. Ve- nny nafaly Inave tuch a matter ta thg 
ordInAry law-- nf mipply mnd demmnd'. (Times. Oth Feb. 1068](My 
emphasis] 
Throughout the century the ASE had focused on the decline of the 
apprenticeship and had made clear its position regarding Its place in 
technical education, provoking many disputes, culminating in the Great 
Strike In 1897. The historic Craft Guilds were also clearly affected by 
the social and technical transformation affecting the traditional craft 
apprenticeship system. 
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9.2.0 
The City Livery Cnmpanlpn mnd thn Rgainninem 
of the City and Guilds nf tnndnn Tnnltftute 
Concern over the decline of the apprenticeship system prompted, an 
Investigation by a committee set up by the Livery Companies In 1877 
which reported in 1878. (The following were members of the Committee: 
Thomas Huxley, Sir Douglas Calton (Scientist and soldier In Royal 
Engineers), Sir Henry Faverman Word (Assistant Secretary of the Society 
of Arts), Lord Armstrong (leading engineering employer and industrialist), 
and Xajor General Sir John Donnelly (Secretary of the Dept. of Science & 
Arts)). This report was the first unofficial, but comprehensive survey of 
the extent of technical education in England. It revealed that there were 
40 establishments engaged In some form of technical education in England 
(a complete list is shown In Appendix 22). Of these 16 were In London, 
the remaining 24 covered the rest of the country. (Livery Companies 
Report (1878)] 
The committee drafted an outline scheme for a national system of 
technical education. It proposed the foundation In London of a Central 
Institute for 'higher technical instruction' (a similar proposal had been 
made by the Workmen's Technical Education Committee in 1868, my analysis 
above ch 61. It also recommended the establishment of trade schools; the 
organising and administering of technological examinations; subsidising 
other Institutions in London or In the provinces having technical 
education objectives. The City and Guilds of London Institute (CGLI) 
developed from these proposals In 1870. 
The CGLI established a 'trade school', Finsbury Technical College; 
and a Central College at South Kensington comparable, It was argued, to 
the great Polytechnic schools of Germany, Switzerland and Italy, and 
corresponding to the Ecole Centrals of Paris. (R. C. an T. I. (1884) sec. viii 
Xagaus, the first Director and Secretary of the C. G. L. I., was to argue 
later that the CGLI fulfilled a State function and that the work 
Undertaken by the Institute would have been undertaken by a Department of 
State in other countries Exagnus(I'DIO)p. 1071. 
-272- 
9.2.1. 
The governors of the Institute emphasized that it was not concerned 
with changing existing social and technical relations. This was 
recognised early in the life of the Institute and noted by the 1884 Royal 
Commission: 
'... (the Council of the Institute)... have no intention of Interferring 
with any existing social institution, such as apprenticeship, or any 
other relationship between employer and employee, but aim only at 
supplying the want of further Inntnintinn whinh In everywhern falt 
to axint. by supplementing, and preparing pupils more thoroughly to 
profit by workshop training". [R. C. an T. I. (1884) 2nd Report, 
P-401][My emphasis]. 
There were four branches to the Institute: 
a)The Central Technical College, South Kensington: A college for 
higher instruction of a 'university character*, in mechanics and 
mathematics; civil, mechanical, and electrical engineering; 
chemistry. 
b)The Technical College, Finsburyt 'An intermediate College' with day 
courser. in mechanical and electrical engineering; and chemistry; 
and evening classes in the same subjectsi and In applied art. 
OThe South London Technical Art Schooli courses In modelling, 
drawing and painting; and house decoration. 
d)The Technological Examinations Departmenti for the registration 
and inspection of classes In technology and manual training, and 
the holding of annual examinations In the subjects taught in those 
classes. (C. G. L. I. Calendar (1887-9)] 
The Central Institute had courses arranged to suit specific studentst 
DTrainee technical teachers; 
ii) Instruction for professional engineers and architects; 
111) persons Intending to take the management of Industrial works, 
$whether sons of employers or managers or superintendents'. 
(Ibid. p. 41 
Prospective students were required to matriculate, i. e. pass an entrance 
examination, and be prepared to take a complete course of instruction in 
One of the chosen branches of technology. The vice-president and 
treasurer, Sydney Waterlow, in his evidence to the 1884 Royal Commission 
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an Technical Instruction, held that the students to the 'Central' would be 
of high calibre. They were the type of students who previously, would 
have gone for their technological training to Germany or Switzerland. 
Also Included would be students from Finsbury Technical College 'who 
entered by free or partially free scholarships. It was envisaged that 
the Central Institute should therefore be a 
'a college for the most advanced scientific and technical 
instruction". (R. C. an T. I. (1883) p. 518,5191 
A complete course lasted three years and the Instruction Included work in 
all four departments with a common first year, followed by speciallsation 
In the Chosen tachnology. The matriculation exallination for entrance 
included mathematics and mechanics; mechanical drawingl physics; 
chemistry; French or German. 
Engineering students took a common first year of mathematics; 
Physics and chemistry, plus workshop and drawing office work. The 
second year included: the kinematics of machines; the dynamics of 
machines; the strength of materials; hydraulics and hydraulic motors. 
The third year, in addition to 'discipline engineering' such as water 
supply, bridge construction, included the following: the strength and 
stability of structures; more advanced parts of the theory of the 
resistance of materials; theory of the steam-engine and gas engines. 
(C. G. L. I. Calendar (1888)]. 
Clearly this kind of course demanded students with a sound basic 
education capable of coping with three yoare of full-time Instruction; and 
able to pay fees of. 05 per annum. 
The courses offered at the Finsbury College were mainly directed at 
a different type of student. 
9 t. 
From the outset the professed aim of the Finsbury branch of the 
City and Guilds institute was to provide 
I ... a training on broad, practical and Scientif Ic principles, In those subjects which experience has shown best to f it a student to 
enter some one of the many careers connected with Civil, Xecbanical, 
Electrical or Chemical IndustriesO. CC-G. L. I. Flnsbury Programme 
(1923-4) p. vii) 
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The operation of this college was divided into two distinct sectionst day 
classes f or those who were able to devote one, two or three years to 
systematic technical education; and evening classes for those engaged In 
Industry during the day and willing to take supplementary Instruction In 
the evening. 
There were four departments: mechanical engineering and applied 
mechanics; electrical engineering and applied physics; Industrial and 
technical chemistryl applied art. - the building trades; French or German so 
far as it related to the reading of technical literature. (C. G. L. I. 
Calendar (1888) p. 491. 
For day students the college prepared courses suitable for 
Intermediate posts in Industry, and as preparatory to entry to tho 
Central Institute. 
Admission to the day courses Involved an examination In Arithmetic, 
algebra, geometry. For illustration the test for 1880 included the 
followingi 
D Simplify 
1 4/17 x6 4/5 1 315 
--------------- - 2/11 of (2 2/5 - 3/4) - ----- 
3 3/5 -1 2/25 12 
ii)Show that 
1+ a2 + b2 - c2 (a +b+ c) (a +b-0 
---------------- = --------------------- 
2ab 2ab 
1IDDescribe a parallelogram to a given rectilineal figure, and having an 
angle equal to a given rectilineal angle. 
Fig. 2 
Examplas of Test for randidatca FSnAkIncr Adrnlrslf3n tm Flnnburx Tpnhnle! ml 
In the light of the evidence concerning general levels of education 
put forward by critics such as Playfair, Huxley, Sally, and artisans in 
the Society of Arts Conferences, the nature and form of these types of 
questions suggest that few pupils from the elementary schools would 
qualify for day entrance to Finsbury. Plainly artisans would need further 
general education or make recourse to the evening classes at Finsbury. 
This would seen to have been the case. 
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9.2.1il. 
EvanIng Classes mt Plnrbury Cmllnza 
The evening classes were conducted under the same discipline 
division as the day courses with 'practical' additions. These Included 
the Art Industries, Including cabinet making, and decoration In colour and 
relief. Courses were designed for 
'apprentices, workmen, and foremen, engaged In the various trades 
(C. G. L. I. Calendar (1888) p. 811 
There was flexibility in the organization of courses for to course was 
compulsory for evening students. Selection of classes was an an ad hoc 
basis to suit the Individual requirements of the students. 
The mathematics and mechanical engineering departnent provided 
practical mechanics; mathematics; mechanical drawing; practical geometry. 
Me day classes in 1888 attracted about 155 students, mostly from 
15 to 19 years of age, in the main studying for the full course of three 
years leading to the Certificate of the College. 
Evening classes In the same year had 900 students, the great 
naJority were workers, 14 to 40 years of age, employed during the day in 
the workshop or factory. (Ibid. ] 
Data relating to both colleges show the number of evening students 
far exceeded day students. In the case of the Central there were two and 
one half times as many evening students, and at Finsbury four times as 
many ICGLI (1896), ppd/73. The preponderance of part-time evening students 
reinforces; the argument that evening classes represented a form of 
'secondary school for the nasses'. This pattern was consolidated by the 
'distance-learning' characteristics of the C. G. L. I. examination 
ratructure. (See sub-section 9.3.0 below). 
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The predominance of the part-time evening class model Irk England may be 
contrasted with comparable institutions abroad at the turn of the 
century: 
Gernan Town 
Day Evening 
Students 
English Town 
Day Evening 
Students 
Berlin 20 250 
Chemnitz 80 NONE 
Crefeld 200 101B 
Nulhausen 150 NOTE 
Reutlingen 150 NONE 
Bolton 40 2500 
Leicester 16 1000 
Derby 100 1000 
Salford 60 1500 
St. Holens NONE 1000 
Table 5 
T. %hle nhfnwlncr rosýgsctjvp numbern mf day and isvtlnlllcr C lAnn Otudentli In 
cnjpme! ts, (j r,., rmftn and pnqllnh towtn Ift t900. f9murce, S hmtiwu%ll. A. (1908) 
- 
p. 4231 
Vhy did the part-time evening class form of technical education 
come to be so firmly established in England? Little debate on alternative 
models took place; the evidence seems to show that, an the contrary, 
patterns based on Continental models available at the time were firmly 
rejected (Scott- Russe 11; The Samuelson Commission of 1884). No adequate 
Justification was offered as to why they were Inappropriate for England. 
Technical education abroad was not dominated by the part-time principle. 
Clearly some provision was made for day-time study here and this 
was provided at the Central Institute at South Kensington and at 
Finsbury. The relevance of the Central Institute was Itself the centre 
of debate. It was argued for example that its location was likely to 
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prove 'not readily accessible to workmen'. (Magnus, F. (1910) p. 981. Its 
structure-and organisation was premised on the separation of work and 
education. In this it reflected aspects of prevailing educational ideas 
which similarly separated mental and practical activities. In this respect 
Johnson (1969) has argued, that English education from the nid-1860's 
was conceived as a source of work-discipline or rational economic 
behaviour. At the same time the Industrial economy rested on a base of 
child, female and adolescent labour, placing school and - work In 
competition. I 
It seems to me that the CGLI pattern of technical education 
portrayed it as separate f ron Its historical form, the craf t 
apprenticeship, and institutional ised the pattern. A recent analysis 
says, 
'... the decline(of the apprenticeship)... ca I led for a system of 
technical education which did not demarcate between the 'principles' 
and the 'technicalities' of technology ... '(Beecham (1082)p. 64). 
But clearly this is the very pattern that originated with the CGLI. 
Beecham seems to assume that the dichotomy only arises 'whenever the 
technical education ... came under the control of the State ... I(Ibid p. 62). 
Sponsors of the new system of technical education and training, 
mainly City Livery Companies, assuming effective practical training was 
being carried out in industry, believed In the need for a separation of 
the exercise of craft skills, and the Organisation, direction and control 
Of those skills in industry. The structure of the CGLI reflected that 
belief. 
9.3.0 
The technological department was responsible for the organisation 
and administration of the 'distance learning' students, i. e. those who 
studied In their own, provincial and metropolitan Institutes and were 
entered for the Institute examinations. These were set and marked in 
London. 
Such was the prestige of the department that towards the end of the 
century the Institute directorate in technology came to regard the CGLI 
as, 
'a powerful agency in encouraging the establishment of technical 
schools and classes throughout the country'. (C. G. L. I. (1698) p-81 
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The figures of attendance and papers worked by students seem to support 
this claim. There was - an increase In the number of candidates' papers 
from 202 In 1879 (the year the Institute took over responsibility from 
the Society of Arts) to 10,293 candidates In -1895 (COLI (1901), 
Department-of Technology'Report 1900-01). 
Given that there had been only very limited experience In distance- 
learning under the Society of Arts from the late 18th century, It was 
significant the way the director of the Department, Xagnus, perceived its 
function In terms of a national context. He hold that the technology 
examinations acted not merely as benchmarks against which various 
trades' knowledge could be compared but he also perceived them as 
I... fixing the standard of technological Instruction for artisans 
throughout the country'. (CGLI(1896) P-101 
It Is diff icult to sea how Magnus could have justified this assertion, - In 
the light of criticisms concerning the quality and lack of technical 
teachers, the chaotic state of the apprenticeship system, and the overall 
lack of technical education provision. As Foden(1982) has argued, 
'There is little direct evidence of any kind that the examinations 
had much demonstrable social and Industrial impact at all. 
Industrialists, trade unions, and the main educational 
establishment ... remained on the whole quite Indifferent 
to what the 
Institute was doing ... 1 (P. 79). 
But it also seems to me that xagaus's well-publicized view failed to take 
Into account the political and Ideological background to the rapidly 
declining apprenticeship system. A common assumption. evidently also hold 
by Xagnus, was that the work of the CGLI examinations department was 
being complemented by necessary practical training In the workshops. The 
evidence shows this was questionable. 
Vhat was the structure of the CGLI examination system which Xagnus 
presumed was having such a marked effect an technical education 
developments? Did the C. G. L. I. Organisation and structure reflect the power 
Of the employers to influence Important decisions In technical education? 
Was there any relation between government's reluctance to take a more 
positive role in the Initiation and funding of technical education and 
employer pressure? 
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9.3.1 
In 1870, the Institute assumed complete responsibility for all 
technic& 1-related examinations originally argantsed and administered by 
the Society of Arts. Technological examinations had been Introduced by 
the Society of Arts In 1873, the f Irst of their kind. By 1877 the 
examination structure involved six separate examinable areas: a) 
commercial knowledge, b) domestic economy, c) fine arts applied to 
Industry, d) music, e) technology of arts and manufacturers, f) 
elementary. IS of A (1878) p-851. The Inclusion of both music and 
technology in the programme of examinations indicates the wide-ranging 
subjects covered by the Society and the difficulties associated with 
definitions of 'technology '. The number of candidates at this early, stage 
was never great., 6 entered in 1873,68 In 1870, and 184 In 1678. There 
was a graded system of elementary, advanced. and honours in the 
examination. The specif Ic subjects for examination were: cotton 
manufacture, paper, silk, steel making, carriage building, pottery and 
porcelain manufacturing: gas, cloth, aLlk-dyeing, ca 11co- bleach Ing, dyeing 
and printing, alkali manufacturing, blow-pipe analysis. (Ibid. ] 
The CGLI thus Inherited, In 1670, a system of technological 
examinations orginating with and sustained by the Society of Arts. These 
were based an local preparation of candidates for examinations set and 
examined In London. It also subsidised existing educational 
establishments, exercising a function the government had been unwilling 
to take up. The Samuelson Commissiono the first public Inquiry, Into 
technical education provision. noted in 1884 that without this kind of 
assistance institutions providing technical Instruction would have 
probably languished. (R. C. an T. I. (1884) p. 614). 
Donnelly, at the Directory, was reaponsible for the initiation and 
administration of the payment-by-reGults system organised from there. He 
was also a member of the executive committee of the the C. G. L. I. In this 
capacity he objected strongly to the C. G. L. I. assuming the examining role 
Of the Society of Arts, with which he was also associated as an executive 
member. In a letter to the Times he complained the scientific basis of 
the Science and Art Department examination system was being eroded by 
the scheme proposed under the C. G. L. I. (Lang, J. (1078) p. 231. A Secretary 
of the Institute replied that the value of the examination scheme could 
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be measured by the number of candidates taking the Institute's papers. 
His evaluation was substantiated; in 1882 there were 1,961 candidates 
sitting for examination Eloc. cit. ]. 
The examination scheme of the Institute was perceived as an 
alternative to the Directory's science-based 'technical education' which 
was the basis of Donnelly's criticism. 
9.4.0. 
A critical structural characteristic of the CGLI was the formation 
of two distinct foundations which I believe the evidence shows 
Institutionalized the separation of one kind of systen of knowledge 
Mentral, ) from another (Finsbury Technical College's evening classes). Tho 
vast majority of the Institute's students attended the latter. 'Central' 
students, exposed to certain forms of technical knowledge, were destined 
for supervisory roles in industry. Finsbury College evening students 
were prepared by the Institute to become more 'competent workers'. 
The Central College concentrated mainly an the theoretical 
principles of industrial practices geared towards 'professional' people 
(not exclusively engineers); 'Centralians', were to organise and direct 
the activities of the workers. The Evening Class department at Finsbury 
held courses directed at subordinate workers, who were presented with a 
different conception of what was meant by 'technical knowledge'. As the 
'Calendar' explained, 
'The object of the Central Institute Is to give ... advanced 
Instruction ... in those kinds of knowledge which bear upon the different branches of industry, whether Xanufacture or Arts'. 
(C. G. L. I. Calendar, (1887-8) p-41 
Vhile the Finsbury College provided I... education of a thoroughly 
practical kind for apprentices ... I (Ibid. p. 483 
Clearly the former war directed towards more theoretical aspects. 
Students taking other courses not directly organised by the Central, free 
to choose the form and duration of their courser, were advised that 
classes at this level could be restricted to trades that were relevant. 
But students outside the Central Institute seem to have been 
handicapped. Lacking preparation. they were as one Institute teacher 
noted, 
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'totally unprepared by previous training for taking notes, and having little aptitude for 
. 
dealing with formulae, were unable to 
assimilate the technical food placed before them ... (Adams, H. (1883) Preface] 
Despite such reservations, expectations of the evening class student were 
uncompromising. In 1901 students taking the ordinary grade examination, 
part It in mechanical engineering would be expected to answer questions 
Of this kind: 
'The difference of tensions on the tight and slack side'of a belt 
which drives a 30 in. pulley being 750 lbs.. what H. P. is being 
transmitted to the shaft on which this pulley runs If it makes 120 
revolutions a ninute? l (30 marks) (C. G. L. I. (1901) Peport, p. 2191 (one 
of nine questions to be answered). 
Under the sectioa dealing with fitter's work the following question Is 
found In the part II examination: 
'Sketch turning tools for the following purporses, showing clearly 
the cutting angles In each case: 
a)Roughing out mild steel; b) roughing out gun-metal; 0 finiGhing 
mild steel; d) parting mild steel; e) knifing mild steel; f) cutting 
a square thread of I In. pitch'. Mid. p. 2231 (20 marks) (one of 
four questions to be answered). 
I quiote these two examples because they clearly represented workshop 
knowledge an artisan or apprentice would be expected to draw upon in the 
C. G. L. I. examination in mechanical engineering. (In 1000 there were 955 
candidates for this examination with 498 passes) (Ibid. p. 71 
I believe the evidence also shows that the C. G. L. 1. was 
differentiated along class and occupational lines, Structured to 
accommodate prevailing work norms. An increasing differentiation of 
labour In the factories was paralleled by a differentation of knowledge 
In the Institute, reinforcing the notion that for the bulk of the 
workforce, manual labour was the dominant feature In their lives. The 
day and evening classes at the smaller Institute, Finsbury Technical 
College, illustrate my point. In 1892 the day school had 78 students from 
grammar and other endowed Schools; 64 Students from middle class 
schools; 57 from private schools, and 14 students from Board schools. 
This put the representation of Students from manual-working backgrounds 
at Six and one-half per cent. Attendance at evening classes at the same 
Institute showed over fifty per cent artisan adults and young workers; 
mostly In the engineering trades. [C. G. L. I. Finsbury Programme (1803-4)] 
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9.5.0. 
Histories of technical education, If examining the Influence of 
employers at all, tend to portray employers as making 'demands' for 
skilled labour which were met by technical education. For example, 
Ashworth 119801 made the case for technical education by arguing that 
changes in skill levels and Organisation of work created 
'more fully mechanised factories, needing semi-skilled workers who 
could conform to a regular routine*. lp-1981 
These, he held, could not be found from among a child population 
left untouched in a ; state of dirts Ignorance and savagery'. Roc. cit. ] 
. Argyles 119641 quotes with approval an assertion by Playfair that 
the 1851 Commission gave 
'an enormous impetus to the movement In favour of the reform of our 
industrial methods ... (which) has revolutionized our system of technical instruction'. (p. 141 
It would seem from the evidence that Playfair over-emphasized the idea of 
a technical education 'movement' and was confused over Industrial 'reform' 
and the rearganisation of work. He Ignored the Influence of the growing 
militancy of employers, effectively challenging the skilled workers over 
work control, and particularly their attitude regarding skilled labour 
substitution. 
The Institute's formallsation of two kinds of technical education, 
both abstracted from the traditional craft apprentice nods of training, 
confirmed the TUC's conceptual Ization of the apparatus of 'provided, 
technical education 1880st 
'The whole modern Organisation of labour In It4a advanced form rests 
an a fundamental fact ... the definite separation between the functions of the capitalist and the workman ... each between the direction of Industrial operations and the execution in dataill. 
IT. U. C. (1880) Dublin) 
The particular structural characteristics of the C. G. L. I. therefore seen to 
no to reflect the ideology of engineering management - an examplar of an 
Ideology of work giving rise to an Ideology of education. 
This management ideology may be illustrated with reference to one 
of the most prominent engineer-employera Of his generation. Lord 
Armstrong. He was director of the largest engineering works in the 
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country, the Elswick Vorks, and whose views an technical education as an 
engineering employer were among the few publicly, available at the time. 
He maintained, a) technical education was the preserve of minority: 
'Those who would be benefited by scientific education of a technical 
education ... constitute a very small proportion of the population'. [Armstrong, V. G. (1888) p. 501 
b) If warranted, the venue for a general technical education programme 
was the evening class: 
I... at our factory we have night classes specially for the young ... '(1bid). 
This view, given in evidence to a Select Committee In 1872. ER. C. on S. I. 
(1872) Q. 92391, altered little with time, and embodied a notion of 
technical education as secondary to the market function of the company. 
His philosophy nay be encapsulated in two comments In an 1888 article: 
'Cheapness and superiority of quality will decide the victory In the 
race of competition ... (and) T min jnL-1jriM to 
look-upnn en1le en ... 
as luxurin-, rAther than nece-nnarlen'. (Armstrong (1888) p. 5131Xy 
emphasis]. 
This evoked a response from Playfair who argued, 
... the capitalist with his large factories worked 
by machinery, has 
neither the time nor the Inclination to bring up young men with a 
trained knowledge of his industry ... I Mayfair (1888) p. 3321 
Clearly, different production Ideologies correspond to different 
production relations and authority structures. Thus I have contended that 
the 1897 Strike and Lock-out was such a crucial eventt by acting as 'a 
catalyst between production Ideologies Mechnical' Issues (length of the 
working day, machine manning, use of new technologies], and production 
relations Veducational, questions (technical training, apprenticaGhip; 
general, elementary and technical education)). 
Recent writers, such as Roderick and Stephens(1078), have expressed 
this close Interaction between tabnological developments and education in 
this way, 
'... the English education system was as great an influence as any 
other factor in explaining Industrial performance In the period 
1870-1014... it was the absence of an equivalent "revolutiona in 
science and technical education which had the greatest bearing on 
... performance' in the second 
half of the century ... l(pp. 170,171). 
Notwithstanding Playfair's criticism of the 'capitalists' diainclination to 
train the young, his own perspective reflected the prevailing narrow 
vision and hinged on the Issue of 'technical efficiency' and the quality 
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of skilled workers. In practice this meant 'efficiency' In terns of worker 
adaptability and-conformity to factory discipline, sustaining company 
profits and-control within the factory system, not so much 'competence' 
In the individual craftsman. 
But he also highlighted the more specific issue regarding the 
employers' resistance to technical education and training In the period. 
His argument was a rebuttal of Arnstrong who night be considered 
representative of the Victorian eng ineer- entrepreneur, viewing the company 
as a source of profit, and not a locus for systematic training. 
Armstrong's reputation as an engineer and the pre-eminence of his 
company, the Elswick Vorks at Newcastle, suggests a strong representation 
from this source In the newly-formed E. E. F. The evidence supports this. 
A main source of evidence on behalf of employers to the 1892 Royal 
Commission on Labour came from the Vice-Chairman of the same company, 
Captain Andrew Noble. During the 1897 conflict the leading representatva 
of the EEF was Col. Dyer. also a director of the Arnstrang-Whitworth 
Company. 
I am not proposing a conspiracy thesis or postulating a necessary 
consensus of opinion among engineering employers. I am suggesting that 
the evidence points to the existence of an often unrecognized relationship 
between increasing control over the labour process particularly by 
strong, federated employers such as Armstrongo Dyer. and Noble and the 
arguments put forward which related to the Issue of technical education 
and training. These found an outlet In a number of waysl official 
Inquiries, reports to Select Committeeso responses to TUC demands, BEF 
Mautes, engineering institutes deliberations published In 'Proceedings', 
and in the crucial deliberations of the 1807 dispute. The principal 
concerns In these deliberations were pragmatic questions of length of 
working day, conditions of services overtime Issues, and wages. The 
evidence also suggests that embedded in these economic Issue3o were 
quite critical concerns regarding technical education. 
I have thus asserted, in the context of the 1807 dispute, that the 
key questions regarding technical education were subsumed under the 
specifics $machine manning% 'apprenticeship' and the principle of 
substitution. That Is, @technical education' per Go was riot a negotiable 
agenda item in the 1897 dipute, but it clearly formed a critical part of 
the unions, arguments concerning machine manning and the apprenticeship 
question. For the union side, the apprenticeship system was conceived as 
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central to any technical education system. The employers' case was 
represented by figures such as Dyer whose decisive views on these issues, 
reflecting employer dominance over technology, emerged during the dispute. 
As Burgess(1969) has argued, 
'There exists a strong correlation between firms participating In 
the lock-out and advanced technology ... 1(p. 18). 
It therefore seems significant that the Terms of Settlement, concluding 
the 1897 Strike and lock-out contained the following In the ratified 
agreement of 1907: 
'An apprentice shall be afforded facilities for acquiring a knowledge 
of the branch of the trade he adapts, and shall be encouraged to 
obtain a theoretical knowledge thereof an far an dreunntancer. 
pernit'. (E. E. F. -A. S. E. Agreement (1007) pam 81 (ny emphasis) 
This policy clearly corresponded with Armstrong's view that colleges 
were 'luxuries rather than necessities' (quoted above p-284). It also 
vindicated Donnelly's criticism of employers, when he argued In the 1881- 
4 Inquiry that, 
'I do not think there is any strong general feeling an their 
(employers) part with regard to the value of such Instruction'. 
(R. C. an T. I. (1884) Q. 25721 
The clause In the ratification of the 1907 Terms of Settlement relating 
to the acquisition of technical knowledge by apprentices, was a qualified 
'Concession' to the unions and apprentices; but It plainly Implied that 
'technical education' was contingent upon the needs of the employer and 
the company. This concession to trade training did not appQar In the two 
previous Agreements between the A. S. E. and R. E. F. Both the 1898 and 1901 
Agreements studiously avoided reference to apprentices acquiring 
'theoretical knowledge'. (E. E. F. -AZX. Agreements 1808,00 - my appendices 
2 (a) 2 (b) 1. 
The foundation and development of the CGLI has long been regarded 
In existing accounts as the cornerstone of English technical education 
from the late 1870s. It seems to me simplistic to assume that such a 
development would take place uninfluenced by radical changes in Industry, 
and by the political effects of numerous localized strikes and a national 
Industrial strike. Similarly, perceived as a national system. technical 
education would clearly not operate In Isolation from the political and 
legislative structure. It Is therefore necessary to see the origin and 
development of the CGLI against the background of relevant legislation of 
the period. The singularly most Important In the 1880s was the first 
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Royal Commission to inquire into technical education provision, which was 
published In 1884. But the origins of this Royal Commission itself reveal 
the prevailing ambivalence in government thinking towards technical 
education. 
9.6.0 
The Royal ýnmmlnnlnn nn Technical Ttstructinn 1881-ISSAL 
The Royal Commission an Technical Instruction (R. C. on T. I. ) 1884, 
was the first 'official' attempt to determine the prevailing situation 
regarding technical education and training in England and Vales. 
The first formal investigation had been undertaken by the City 
Livery Companies in 1878; the 1881-84 Royal Commission arose out of this 
Livery Company inquiry. Under Samuelson It was originally conceived as 
an unofficial inquiry i. e. not directly initiated or funded by the 
government. It was proposed by an X. P. Anderson, in a House of Commons 
debate in 1881 Mansard, Apl. 1881, Col. 2511. Kundella, the vice-president 
of the Council was unenthusiastic, and suggested that members might 
Instigate their own research. 'at their own expeasel. Mid]. In the 
event, four members of the Commons particularly concerned with the Issue 
of technical education, formed an ad hoc committee In 1881. (Xy Appendix 
21 shows the composition of this committee, with brief biographical 
notes). 
It seems to me the Commission was especially significant In the way 
It highlighted for the first time and In a systematic way the employers' 
views an technical education during the course of Ito inquiries between 
1881 and Its publication In 1884. The Commission asked employers to 
comment on, 
the Influence, on the Industry in which you are engaged of the 
Science and Art classes, and other sources of tochnical and general 
instruction, which are available to the workmen, foremen and 
employers of your district ... ' (R. C. on T. 
I. (1864) Appendix G] 
It provides firm evidence of employer resistance to technical education, 
Donnelly, during his evidence, in reply to the question 
'Can you suggest ... the best means of promoting technical training ... ? 
prefaced his reply by suggesting firsts The operative classes were much 
more convinced of the value of technical Instruction than employers; 
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second, an essential condition for a technical education programme was 
the need to engage the support of employers: 
'The Commission, or some other body, should got the employers of 
labour of this country to see and fully appreciate the value of such 
Instruction'. (R. C. on T. I. Q. 128711 
It is evident that industrial employers were reluctant to address such 
Issues, and, as my analysis of the events leading up to conflict of 1897 
demonstrated, engineering employers had not made an overt Issue of 
technical education in that period. The Commission's research was first 
directed at the two sources of relevant education: The Directory's science 
scheme, and 'other sources', a reference to the C. G. L. I. and the Society of 
Arts. The 'more important' replies (published as Appendix C in the 
Report), showed that more than 50 per cent of employers responding, had a 
negative view of the effects of technical education. I Ibid. ' pp. 642-531. 
9.6.1 
Govornygent Concern 
_nver 
Employer Attitudon tm Technie-ml FducatjQn, 
The attitude of the employers, revealed In the Inquiry, was clearly 
of concern to Donnelly, as the evidence has shown. But not fully grasped 
by the Commission or Donnelly were the problems in technical education 
compounded by the free-market policy of the government. The economic 
Implication of this policy was the need to attract funding from the 
market which in turn strongly Implied that employers assumed a critical 
Importance in government thinking. 
Donnelly, representing official views. attempted to persuade 
employers to accept more responsibility for technical education. Ho 
argued: 
(the employers) might ... at once do f or science and art and Industrial education what the recent Education Act did for 
Elementary education'. (R. C. an T. I. (1884) Q. 2572) 
A prominent engineer-enployer. Siemens rationallsed employers, 
attitudes to technical education by suggesting that there was a bias 
against technical matters and a 1preJudice against Innovation' on the part 
Of the English employers [R. C. on T. I. (1884) Q. 24881. 
Tradesmen were frustrated by employer reluctance. one said 
but yet I do not know what we should have to do to get 
(employers) to take an active Interest In It (technical education)'. 
(Ibid. Q. 38181 
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And an the issue of apprenticeship another workers' representative raised 
the issue of systematic training, 
'Employers should ... afford facilities for - youths to- be systematically taught for a given or fixed term, say of 5 years ... [Ibid. 28541 
After It had begun Its work the Commission was granted Royal Commission 
status (i. e. It was no longer an amateur, unofficial enquiry; self-funding 
and self-motivating). In brief, its main recommendations came down to 
this: 
Following an injunction that the basis of a sound technical 
education system was a unified system of elementary and secondary 
education, it contended that existing arrangements for technical education 
were Inadequate. Replicating Continental models of technical education was 
rejected; it was considered inappropriate to Introduce the practice of 
foreign countries into England. It is evident that in philosophy and 
projection its main propositions reflected the prevailing model of 
technical education exempilified by the City and Guilds. 
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Regarding technical education for nanagement of Industrial 
enterprises, ý the Commission distinguished 'capitalists' wbo, 
'.. will take the general, as distinguished from the technical 
direction of large establishments; and those at the head of small 
undertakings, or the persons more especially charged with the 
technical details of either... (R. C. an T. 1 (1884) p. 555), 
and those with a 'technical' function educated In an Institution where 
'... sound knowledge of scientific principles has to be combined with 
the practical training of the factory ... (loc. cIt). 
There was a reiteration of the basic educational philosophy which assumed 
working class education to be secondary to worki 
'For the great mass of our wOrkinZ POPULS"01 ... "t 
bgxin fn PArn tbnlr llvallhnntj mt mrý carly aga ... * (Ibid. p. 5171 
My emphasis]. 
This philosophy seems to have been recognized and tolerated by workers. 
They perceived educational institutions as reflecting the ineluctable 
hierarchical structure of industrial work organisation, under which a 
minority, administered ('manage') the majority who labour (TUC Xinutes 
1880). 
The Commission's specific recommendations for workers' technical 
education were undramatic and bland, emphasizing the Inclusion -of 
practical subjects in elementary schools with more science Instructiont 
a)Elementary schools should be encouraged to Include drawing,, 
metalwork and woodwork. 
b)Science and art classes should be part of the school boards, 
curricula. Science should be 'more practical'. 
OTeacher training should Include more provision for science. 
d)Endowed schools should Include technical and scientific 
instruction in the curriculum. 
In the event the Commission's recommendations made little impact. The 
government was under no obligation to implement or subsidize any element 
Of the Report's recommendations. Five years after the Report major 
deficiencies in provision were still evident. A subsequent Inquiry thus 
referred to Idisastrous gaps' (In provision). (National Asasociation for 
the Promotion of Technical and Secondary Education (1889) p. 1331. By the 
turn of the century the effects of a lack of central directive and co- 
ordination was also manifestly clear(C. C. T. B. (1900)1 
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Plainly the political implication of the State's non-Interference In 
technical education developments had been misconstrued by the Dean and 
professor of mechanical engineering of the Central Institutei V. C. Unwin, 
as confirming the prevailing 'self-help' policy. He argued later that from 
the 1880's science and engineering, had largely been developed by 
Individual Initiative and voluntary effort. This, be hold, emerged as part 
of a 'Marked jealousy of state Interference'. tUnwin (1904)). But the 
evidence Is clears The Inquiries of 1884 (and reaffirmed in 1889) 
highlighted the state's narrow vision and the employers' continuing 
resistance to technical education. 
Neither the State nor the employers were prepared to make a full 
commitment to a national system of technical education. The evidence 
shows the State prevaricating, with no national policy for the training 
and supply of technical teachers; no overall strategy for higher 
education; and inadequate funding, ill-equipped to administer a national 
scheme. 
To briefly illustrate with a single domestic example concerning 
employers, fron later in the century: In a conprehensive report for, a 
Special Committee on-Technical Education for the London County Council In 
1802, It was stated that In respect Of part-time release for technical 
education, London In particular was singularly lackingi 
'London is not only very far behind Germany and France In quantity 
and quality, but also far behind our chief provincial towns'. (L. C. C. 
Report (1892) p. 4) 
To be on a par with Manchester in the numbers of students In technical 
classes, London should have had, pro rata 148,000 entriest the report 
showed 24,000 registered. (Ibid. ) By 1895 it was evident again that in 
London, many employers were unable to make conceGrADaG to boys for an 
allowance for part-time classes, although some encouraged attendance at 
evening classes. (London T. E. GazettO (1895)1- 
There is little doubt that there was considerable pressure from a 
variety of sources an the employers to assume at least partial 
responsiblity for technical education- In the main, the employers' views 
on the matter were not made explicit until revealed during the cource of 
public inquiries into technical education provision In 1881-4,1889, and 
more tacitly during the great strike; and later In 1006-1909. 
But the evidence also shows the ambiguity of the employers' 
Position. On the one hand they evidently approved the Establishment 
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policy of non- interference in technical education. This much was clear 
from their measured response to technical education schemes, favouring 
mainly a part-tine pattern. On the other hand, the government was 
anxious to get them to adopt a more pragmatic approach to the whole 
Issue of technical education and training. The combination of 
Indecisiveness on the part of government and the ambiguous pooltion of 
the employers ensured that the technical education of young workers was 
relegated to an inferior, part-tine system which made few demands an 
either employers or the State. 
9.7.0. 
Cnntlnulng Ri-luctaymn nf EmployPEO! I. C91MIAtImn 
frnm thL, IAAO'n 
However, the pressures brought by the Rational Association for the 
Promotion of Technical and Secondary Education MPTSE), the T. U. C., the 
Trades Councils, and other artisan sources. such as the Vorkingmen's 
Technical Education Union seem to have had an effect; for a number of 
legislative reforms relating to technical education followed. They -were 
mainly attempts to co--ordinate the aims and objectives of both secondary 
and technical education. But I believe the evidence shows that the 
legislation still embodied an unjustified confidence In bodies like the 
zewly-constituted C. G. L. I., and an the capacity for cep-operation on the 
part Of employers. 
A series of attempts at technical education legislation were 
therefore made between the years 1884 and 1889 which, by and large. bare 
come relation to the recommendations of the 1884 commission. Roscoe war, 
prominent in this, particularly in his work In the House of Commons 
(IF. A. P. T. S. E. (1901) p. 51. But these eforts were handicapped by the 
continuing problem of the locus of administration of technical education. 
A turning point seems to have come with the passing of the Local 
Government Act of 1888, which made possible the local Organisation of 
POSt-elementary education on a systematic basis. 
-292- 
9.7.1. 
This Act brought Into being the County COuDciI6 which replaced the 
School Boards, a product of the 1870 Act. Under this new provision wide 
areas of local administration, of which education was to be part, were 
formed. As far as education was concerned, for the first time the whole 
country was placed under the jurisdiction of local authorities which were 
to be also responsible for raising a levy of a penny rate for technical 
or manual instruction. Any Council was able to appoint a technical 
Instruction committee. 
In addition. representatives of these Committees were to be 
Incorporated into the governing bodler. of all schools. colleges, and 
Institutions giving technical instruction. [R. C. an S. R. (1895) pp. 12-131. 
The Act finally removed what hitherto had been considered a serious 
Impediment to educational administration, viz. the absence of a 
representative and locally elected county authority. (Ibid. ] Thle was a 
najor criticism raised in the Schools Enquiry Cannission of 1888. The 
1888 Act was one of two specific Acts, the other being the Technical 
Instruction Act of 1889, which were innovatory by bringing non-alamentary 
education under the aegis of rate-aid financing; and ensuring that a form 
of technical education henceforth could be locally administered. This 
clearly accorded with the frequently reiterated precepts of Iself-help, 
favoured by the government. 
9.7.11 
The government's central position regarding technical education 
remained unequivocalt existing science provision would constitute the 
basis of State technical education provision. During the course Of a 
debate In the House, which preceded the 1889 Technical Ingtr-uction Act, 
governmeni's policy of non- Interference In technical education war. 
reasserted. V. Hart-Dyke, Vice-President of the Council, argued the 
government case: The Bill, 
... proposes to do no more and no lera than extend the curriculum 
now existing in the Science and Art Department at South Kensington, 
throughout the country'. Mansard C1889) Col. 5001 
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The ý responsibility for technical education innovation and expansion 
fell to local authorities not central government. 
This later prompted Kagnus(1910), principal of the Central Institute, 
to observe, I 
I ... the pedantic refusal on the part of the State to give trade 
teaching was one of the causes of our belated efforts to organize 
for this country a system of technical education. -Ahe direction of 
technical instruction remains very largely In the hands of a body 
receiving no direct help from the State.. . '(p. 107-8). 
It was also clear that the Technical Instruction Act would have little to 
do with elementary school, for It did not apply to scholars receiving 
Instruction in the obligatory or standard subjects. Technical instruction 
according to the Act meant, 
instruction in the application of science and art applicable to 
industries ... it shall not Include 
teaching the practice of any 
trade, or industry, or employment'. (T. I. Act (1889) Section 81 
The separation of work and education was reaffirmed. 
The 1889 Technical Instruction Bill was Introduced In the Commons in 
March by Henry Roscoe. With H. D. Acland he was one of the f Irst 
secretaries of a new asociation, the Ifational Association for the 
Promotion of Secondary and Technical Education G. A. P. S. T. E. ) Together 
they had served an the executive committee Of the Association which they 
had initiated in July 1887. under the Presidency of the Duke of 
Devonshire. There were twenty-four members on the executive (I. A. P. T. S. E. 
(1907) P. 21. 
The executive had a generous representation from the earlier 1884 
Samuelson Commission (Roscoe, Magnus, Swire Smith) (See Appendix 21)The 
Association was arguably a strong lobby for a model of technical 
education as' conceived by the 1884 Commission. It has also been cited as 
evidence of the l9th century technical education 'movement's 
'This was the first formalization of the existence of the ItechnienO 
educmtinne nnvnment and Its work continued until 
1907 ... I (p. 57). (Bailey (198357) (My emphasis). 
Its principal aim was the promotion of legislation an technical education. 
The Association was critical of the Iganeral state of chaos' represented 
by the elementary education system# particularly the 'baneful' overlapping 
Of the work of educational authorities. The uneven spread of educational 
provision and the fragmented nature of the administration compounded the 
associated problems of funding. The structure of the Education, the 
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Science and Arts Depýrtments and the diversified work of the Charity 
Commission made administration unwieldly, confirming Playfair's criticism 
of 1871 (see-my discussion above sub-section 6.1.0. ). The payment by 
results system was denounced and there was criticism concerning the lack 
Of technical teachers, manifesting 
'disastrous gaps in the educational system ... chiefly In large 
centres of population ... I (F. A. P. T. S. E. Report (1889) p. 221 
MAIL 
Apart from the difficulty of administering an expanding technical 
education system without a co-ordinated policy of administration there 
was also the problem of the grant system for elements In the Science and 
Art Scheme. There were weaknesses in making grants contingent upon 
examinations. The Association's criticism of the system for training 
technical teachers Indirectly added substance to the workers' case for 
retention of the apprenticeship system as central to a technical 
education system. A technical education system institutionalized as 
separate from workshop activities represented a crucial abstraction of 
work from education. 
This heightened the recurring problem of teachers who were 
generally ill-prepared for teaching technical subjects (Ibid. p. 631. 
Analysis of the type of qualifying test illustrates the point here. 
For comparison I take questions from the Ordinary grade. Part I 
mechanical engineering paper, for tradesmen; and the First Year Final 
Examination for Teacher's Certificate In metalwork: 
Ordinary grade, Part r, mechanical Engineering: 
DQ. Given the effective pressure an the piston In a direct-acting 
steam engine at any instant (corrected for affect an Inertia of 
reciprocating parts), Show how it is porAlble by a simple 
graphical construction to determine the tangential turning force 
at that instant acting on the crank. Prove the carrectaoss of any 
construction you give. 
(one of nine questions) 
First Year examination for Teacher's Certificate: 
2)Q. Name and briefly describe the kinds of natal you have ursed In 
workshop practice, stating their characteristic properties. 
(One of four questions) W. G. L. I. (1901) pp. 220,3013 
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There seems to be a marked difference In expectation of fitters and 
turners, who sat the first kind of paper, and prospective teachers who 
would attempt the second. The knowledge content is also plainly 
different, with an assumed understanding of thermodynamics, and graphical 
drawing in the fitter's paper. The teacher's paper had an elementary, 
even superficial, knowledge content, compared with the knowledge expected 
of a general fitter or machinist In carrying out skilled workshop 
operations. 
Another illustration from' the teacher's Certificate paper serves to 
emphasise the point: 
Q. What Is meant by 'Case hardening' and why is It adopted? 
Explain how to case-harden some small article. 
(One of four) 
This kind of knowledge and application would be part of the fitter and 
turner's daily routine (See my Chapter 2. and Appendices 6 and 11). 
The point here is to give some meaning azdý substance to the 
N. A. P. T. S. E. criticism regarding inadequate preparation of teachers of 
technical subjects. The knowledge content of the examination questions 
and expectations of fitters taking CGLI engineering papers presuppoGod a 
greater understanding of the relation between engineering craft practice 
and theory. Teachers, unless competent craftsmen, by virtue of their 
occupation would be unfamiliar with the structure or reproduction of 
workshop culture. However, opportunities for capable workers to attempt 
the technical teachers' paper were very restricted# as they rarely 
obtained release from work. Despite this, the report seemed to concur in 
the existing policy of government and the Commissioners an technical 
Instruction that the 'true place for the teaching of trades was the 
workshop'. The N. A. P. T. S. E. report thus argued 
the object is not to interfere with the teaching of trades in 
workshops, or with the Industrial and comisercial training in the 
manufactory and in the warehouse'. M. A. P. T. S. E. Report (1901) p. 21 
This reflected the non-intervOntiOn P011CY in craft training advocated In 
the 1884 Royal Commission. A subrequent Board of Education report 
argued, 
'It is a mistake to assume that training in achool laboratories and 
workshops could in large part ... replace the workshop experience 
gained In works ... I (Board of Education (1908-9) p. 901 
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But, there remained the problem of what constituted technical education. 
The Bryce Commission was to note in 1695 that the government had been 
'liberal rather than strict in interpretation of technical 
instruction". (R. C. an S. R. (1895) p. 28) 
By 1895 subjects under technical education Included 
'banking and financial science, principles of commerce: singing and 
lausical notation, Instrumental and orchestral music ... veterinary 
sciences ... ' (Ibid. ] 
In sUme the situation from the 1880s seems to have been characterised by 
a number of contradictory elements: - 
a)An ad hoc administration of the state education syratemo with 
organisation and financing fragmented and unco-ordinated. 
W policy for the provision of 'science' In schools, and evening 
classes, inadequately serviced and weakened by a system of 
payment by results. 
OA prevailing assumption that the structure and level of trade 
training In Industry was adequate; Justifying a policy of non- 
Interference on the part of the State. 
The Bryce Commission of 1695 commented an 
its# a rich variety of (our) educational life ... (and) the usual 
results of dispersed and unconnected forces, needless competition ... 
and frequent overlapping of effort, with much consequent waste of 
money, of time, and of labour. Mid. pt. 1, pp. 17,181 
But pervasive laissez faire doctrines and the philosophy of Iself-helpf, 
particularly in technical educational affairs, was maintained and came to 
be embodied in further legelation. 
9.7. lv. 
Tha Locml TAxgtinn (Curatn'llra And 121fdr-C-) Acto 1800 1 
The Local Taxation (Customs and Excisa) Act of 1800 afforded 
further opportunity for iself-, belp, on the part of 'local authorities. 
Through this, financial support for the new technical Instruction 
legislation came from an unexpected source, unconnected with normal 
educational funding procedures. Technical Instruction was mentioned In 
this 1890 Act as one of the purpoGes to which a residue of the money 
directed to be paid to local authorities from the Exchequer In respect of 
beer and spirit dutiea night be applied. This residue grant, known as 
the 'whisky money', was a fortuitous resource arising out of the 
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government's desire to placate the temperance novenent. In a 
controversial piece of legislation designed, to got rid of redundant public 
houses, considerable sums were generated which were not appropriated, In 
accordance with the intentions of the Act. Surplus funds were thus 
available. Acland, Vice-President of the Privy Council Committee an 
Education, proposed that In England the money should be, re-allocated to 
technical education. This proposition was accepted and the Science and 
Art Department administered the allocation of the money, which In 1892-3 
amounted to t472.000l- and by 1001-2 had reached L859,000. (Brennan, E. 
(1959) p. 881. 
The provisions of these Acts were extended by an amending Act in 
1891 (Technical Instruction Act# 1891). under which a local authority 
could aid educational institutions outside Its own district. Scholarships 
also became available through this provision enabling students to pursue 
courses of study, as existed, outside their residential district. (T. I. Act 
(1891) Sec. 81 
The significance of these various Acts is more relevant to my 
analysis if they are examined together. The Impetus provided by the 
$whisky money' which arose out of the Customs and Excise Acto extended 
provision for local technical Instruction. This Inter-connection wan 
possible because the funds under the 1888 Act could not have been 
diverted to technical education but for the existence of the 1889 
Technical Instruction Act. But the appropriation of money and the rating 
powers granted under the 1888 local Government Act were not exercised an 
a national basis. A number of the newly-formed authorities were 
evidently not taking up the option of providing assistance to technical 
Instruction In their areas. 
The slow rate of uptake of available funds for technical education 
may be explained by local authorities diverting funds to other sectors. 
London, for example, applied its first allocation of 'whisky money, to 
relief of rates in the metropolis (Brennan (1959)). In 1890-2 no money 
WAS spent an technical educationt out of an allocation of Z342,000. In 
1892 the council spent t29,000 of its allocation in this way; this sum 
Increased to L180,000 by 1902-3. (Arglea, X. (19000 footnote p. 31-, 
Brennan (1059) p. 891. 
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It was clear 'that the special funds were being re-allocated to 
secondary as well as technical education. A memorial delivered on behalf 
of Trades and Labour Councils, and Co-operative Societies, to the Bryce 
Commission in 1695 highlights this point. Arguing that the secondary 
education of the working classes must to a large extent be technical and 
manual, the memorial pleaded for a permanent allocation of funds for 
technical and manual Instructiont 
'We conceive that the very words of the Act which limits the 
application of this money, If used for educational purposes. to 
technical and manual instruction show that it should be chiefly 
applied ... to those who will be engaged through their life In manual 
work, and whose work requires, for Its highest excellence, technical 
knowledge and skill'. (R. C. an S. E. (1895)] 
0.7. v. 
At, +--n nf lgt)2 and 1903! nnhnnl RO. -Irld-- M. -AdO RIIAIMA, 'Ant 
Further legislation around the early 18906 shows that the 
administration of wider forms of education was coming under government 
Jurisdiction. Efforts were made to rationalize the generally ad boc 
arrangements for the administration of secondary and scientific 
education, by the establishment of a Board of Education In 1899. This 
took the place of the Education Department (including the Department of 
Science and Art). The Board was charged with the 'superintendence of 
matters relating to education In England and Valet; ... 1. 
Two subsequent Acts of 1902 and 1903, the Education Act and the 
Education (London) Act, respectively, finally swept away the old School 
Boards. They removed restrictions placed upon the kind of higher 
education which county council, boroughs; and urban district could aid. 
These Acts of 1902 and 1903 placed a positive obligation upon local 
authorities to 
'Consider the educational needs of their area ... 0 (Royal Colleges 
(1906) P. 61 
For the first tine funds were to be allocated for the purporso of 
technical education as a part of higher education provision. The Acts of 
1902 and 1903 called for a) the definite appropriation to purposes of 
'education other than elementary' of the grant available under the Customs 
and Excise Act. b) The extension of the rating limit for poat-elementary 
education to two pence in the t (it had previously been limited to a 
penny rate). 
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The development of an institution such as the CGLI from 1879, needs 
to be seen against the background of these legislative developments, for 
a number of issues arise, The various pieces of legislation attempted to 
resolve initial legal and administrative difficulties, which constrained 
the allocation of funds to education purposes other than elementary. The 
time scale was significant: It was not until 1899 that for the first time 
the government was committed to legislation for technical education. This 
legislation came thirty years after the tentative proposals of the 
Vorkmen's Technical Education Committee, and twenty years after the 
foundation of the CGLI. Government response was both circumscribed and 
slow. 
The 1889 Act also made it plain that it did not cover the teaching 
of trades, but restricted 'technical instruction' to 
'Instruction In the principles of science and art applicable to 
Industries, and in the application of special branches of science 
and art to specific industries and employments. It sball not Includa 
teaching the practice of any trade or industry or employment'. ML 
Act (1889) Sec. 81 
This was a crucial reaffirmation of a long-standing policy, and begged a 
number of questions particularly relating to the attitudes of employers 
to technical education and the status of the apprenticeship system. 
Neither the CGLI, nor the State, had jurisdiction over factory-based 
training, but employers clearly did. The CGLI structure did however meet 
with the approval of most employers because of the part-tine, evening 
pattern of courses. 
I wish to discuss this further and examine some of the views of 
employers after the legislation of the 1880a and 1800s. 
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9.8.0 
19th Century Problemn nf Ed"natInnal Prnvlnlnn AnA AccPSO CaMirA 
nver into the 20th Century. 
Like the recommendations of the 1884 Royal Conmissiono the 1889 
Technical Instruction Act appeared to have only a marginal affect on 
technical education development. The employers still remained to be 
convinced of the need of their support for technical education. 
In 1889 one-tenth of the total number of students In science and 
art were being taught under school Boards Mansard (1889) Aug. Co. 5091. 
Some groups found the situation unexceptional; In the year of the Great 
Strike one leading newspaper notedt 
I... technical education is not needed for the masses of people. 
Indeed they are better without it ... and only teaches the workman 
to think that he is as good as his master or overseer ... ' (Times. 
20th Jan. 18971 
But by 1902 the effects of years of ad hoc, torpid administration 
and the lack of a definite policy for higher education surfaced. 
Representatives at a higher education conference concluded that after the 
1002 Act, technical education was in serious danger of being neglected. 
Under this Act, the provision covering special funds (which I have 
referred to above) reserved for Its use, was altered. (H. E. Conference 
(1003) E. 181. 
In 1003 It was again feared the level of technical and secondary 
education was in a comparatively low state via A via countries such as 
Germany and Denmark EIbid. ]. Figures showed cities such as Liverpool and 
Birmingham with populations of 685.000 and 000.000 had less than 7,000 
and 5,000 pupils respectively in secondary schools. This compared 
unfavourably with places like Hamburg (700,000) and Copenhagen (400,000) 
which had 22,000 and 12,600 Pupils respectively In secondary schools. 
(Ibid. p. 281. 
The influence of the employers was again highlighted In the early 
part of the century. A Board of Education memorandum in 1005 again 
expressed concern over the employers' response to renewed calls for 
technical education provision. An inspectors' Inquiry found their 
response 'disappointing': 
$... unless this co-operation exists In some way or another neither 
employers nor employed will derive full advantage from the 
expenditure of national and local funds upon technical instruction". 
tBoard of Education Memo (1005)) 
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Two further factors emerged in this- Inquiryt the attitude of foremen to 
technical education, and the issue of part-time release for study at 
institute classes. Both also figured In a parallel Inquiry by the 
Association of Technical Institutes (ATI) which reported that the 
0... older race ý of works managers and f orezen (who) have not been 
technically educated themselves ... do not appear to like the Idea of the younger generation knowing more than they do ... evening trade 
students (say) that their foremen will not set them free from 
working overtime on their class nights ... I (A. T. r. (1005) p. 301 
The 1905 ATI survey revealed that of 59 firms, 19 firms allowed some 
kind of day release for young- workers to study, i. e. 32 per cant. Of 
these, 12 firms paids the necessary fees, and 4 paid for books. Twenty 
firms did not recognise the technical Institute certificate; and 13 firms 
filled vacancies with students from technical Institutes, while 27 did 
not. 
Firms appeared more inclined to support the younger workers when 
attending evening classes. Forty-three out of the fifty-nine encouraged 
students to attend, suggesting support for my hypothesis regarding 
engineering employers that they were more favourably disposed to a 
technical education system that had minimal Impact an workshop 
schedules. Employers were conscious of the disadvantages of 'day-releasel- 
factors such as a drop in production; release of 'good' workers from 
valuable workshop time; the difficulty of replacement particularly when 
apprentices were working Jointly with tradesmen. Of the fifty-nine firms 
covered by the survey, 28 were engaged In engineering, of which 42% 
allowed some form of part-time release (ATI (1005)]. The attitude of 
foremen was critical here also; for It was within their province to allow 
young workers to forego overtime In the works an evenings when classes 
were held. Frequently evening classes students found that foremen would 
not free them from overtime working on class nights, or even on the 
evenings of the annual examinations. (loc-cit. ) 
In one town foremen were reported as 'very obstructive' (ATI(1905)' 
p. 30). 
The foremen's traditional supervisory functions seem to have been 
extended in a number of ways in the course of technological and labour 
management changes. First and foremoGt were their critical abilities all 
competent craftsmen in workshops increasingly manned by unskilled labour. 
Second, they were crucial intermediaries between management and workers 
an the workshop floor with respect to the operation of management 
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strategies such as the piecework system and the deployment of boy labour. 
Third, a relatively new function, they closely monitored young workers' 
access to technical education. 
Their -standing with management had been reaffirmed In the 1884 
Inquiry. A large engineering employer (Anderson of Easton and Anderson 
Iron Works) stated of forement 
'We promote those (skilled workers) who, we fancy, have got the 
knack of organisation'. 
(On a comparative note, F. W. Taylor rationallsed his foreman role at 
Bethlehem Steel in the 1880's In a distinctive way: His fallow'workers 
addressed Taylor, on his promotion to foreman: 
'low Fred, you are not going to be a damn piec(r-work bog are 
you ... ? 
Taylor repliedi 
'Yes, I do propose to get more work out now ... you must remember I have been square with you up to now and worked with you ... now that I have accepted a job under management of the company, I am on the 
other side of the fence ... and I am going to try to got a higher 
output from those lathes ... " (Taylor, F. V. (1012) p. 791). 
In England the evening class system became the focus of further inquiries 
into the 'release' system of technical education. Other bodies, concorned 
principally with engineering, were critical of the emphasis an the part- 
time, evening structure. For the first time the professional enginering 
Institutes were among these. 
9.9.0 
The Prnfp",, Innml FrialneprIng Inntituten' Firct Inqula 
Intn TechniCal Educatinn. 
The first major inquiry undertaken by the professional engineering 
Institutions reported in 1908. The Instigation for this came from the 
president of the Institutijon of Xechanical Engineers. J. Hartly Vicksteed, 
who broached the subject with the president of the 'leading' institute of 
the time, the Institute of Civil Engineers in 1903 (I. C. E. (1906)). Thia 
Inquiry was significant being a cor-operative Investigation covering the 
whole range of educational provision relating to technical education. The 
following major engineering institutes were reproGented: Civils, 
Xechanicals, Naval Architects, Iron and Steel, Electrical, Gas. Engineering 
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and Shipbuilding in Scotland, Mining, I. E. Coast Institute of Engineers 
and Shipbuilders. 
The Inquiry covered preparatory education In schools; training In 
offices. workshops, factories, or In works; training in universities and 
higher technical institutes; and post-graduate work. 
The largest survey of its kind, having no official sanction from the 
government or government representatives an the committee, it covered 876 
engineering firms, of which 39.5% (267) replied on the questions of 
technical education. 
The committee was strongly critical of the prevailing tendency In 
engineering firms to encourage study by the evening class system and 
argued: 
'Nothing should be done In the form of evening study which would 
impose undue strain ... the Committee think it Is most important that all boys should at least maintain their scholastic acquiremento 
during the introductory workshop courGe ... ' [Ibid. p. 131 
Given that many employers were members, or sought membership of the 
various institutes, it was revealing that the committee censured the 
employers' negative attitudes to technical education, maintaining, 
'*.. The sympathetic assistance of employers Is essential to 
improvement in engineering education and training'. (Ibid. p. 171 
The survey also revealed that of the mechanical engineering employers 
approached (200), of whom 41% (82) replied, anly 7 per rent otAted thay 
w(! rP wIllinir tn ar 11itlen for trAining Mld. The other 
largest single engineering group approached was Naval Architects and 
Shipbuilders (119 firms, of which 26.8% (32) replied). 
The evidence suggests that the engineering employers' 19th century 
attitudes to technical education had been carried over. Their attitude 
remained suspicious and cautious, If not hostile, particularly regarding 
day-time release of workers for study. The evening class system was moGt 
favoured, involving minimal financial and administrative commitment. 
The findings of the Engineering Inatitutes' opecific study confirmed 
a more general study carried out by Sadler In 1004. X. E. Sadler, later 
to become secretary of the Board of Education# maintained the evening 
class system was difficult for students to follow, due to work 
cOmmitmente. It was also inefficient as a means of technical education 
[Sadler, X. (1904) p. 121 et seq. ]. He focused an the lnad*quaciect of the 
elementary school system as an explanation for this, arguing much of the 
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work done in evening classes was remedial in an attempt to compensate 
for shortfalls in the echool system. Poor attendance due to long working 
hours and- incidence of Illness on the part of workers reflected on 
examination performance. This aspect of workers 'education' was further 
constrained by the rigidity of the external examination syllabus; for 
example the CGLL 
My examination of the CGLI has shown that the bulk of workers and 
Young people seeking education made recourse to the evening school. at; 
the Only source of secondary or technical education. 
9.10.0 
SA tj I Pr'A Tnquirlen! The Emplinyerfll Pf3-lltlnn In 1907 
A further investigation, under Sadler, Into the extent of facilities 
granted to young workers was published In Manchester In 1907 (Sadler, X. 
(1907)]. This inquiry was addressed to 18 railway conpantes, and 195 
firms representing some of the chief trades and Industries; of these 67 
firms replied. The questions referred to technical education facilities 
and the nature of assistance granted by firms. 
The results showed that 52 per cent of engineering firms (18 out of 
34) allowed some kind of release for attending technical classes. Ten of 
the thirty-four granted special facilities for attendance at evening 
classes. This tended to take the form of a) reloase from overtime on the 
night of the class, b) permission to leave work early on class nights, c) 
Permission to come late one norning In the week If a certain. nininum 
number of classes were attended. On the matter of fees, 24 out of the 34 
firms offered some kind of Inducement. These covered few for classes, 
fees refunded (generally an condition of satisfactory attendance and 
examination), increase of wages, prizes and so on. 
rn a number of case studies. Sadler's Inquiry sugested that 
Individual firms exercised social and educational control beyond the 
workshop, even where there was no companY-run, school. Company conditions 
usually took the form of inducements of the kind referred to above, 
regarding fees and attendance. A common condition of employment for 
Young workers seems to have boon compulsory attendance at evening 
classes tDaimler Motor Co., Coventry; DobGon and Barlow, Bolton; Mather 
and Platt, Oldham; Hans Renold Ltd). 
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Some employers insisted that apprentices be given no choice In this 
connection, -as one prominent employer uncompromisingly expressed iti 
'During his apprenticeship attendance at evening classe3 should be 
one of the, conditions which the boy must comply with, for two or 
three nights a week, the neglect of which would render him liablo to 
be discharged'. (Mather (1909) p. 3461 
Sadler's 1907 inquiry seemed to portray engineering employers In a nore 
favourable light with regard to technical education. Some even granted 
part-time day release; and practical assistance with fees. But, for the 
engineering industry as a whole, it was a relatively ý small sanple 
Involving only thirty-four firms, and Included some of the larger 
companies of the time: V. G. Armstrong and Co.; Cadbury Bros., Vickers, 
Sons and Xaxims; the United Alkali Co. The largest companies were also In 
the Position to exercise considerable local control through the use of 
their own company school. This seems to me to be a way in which the 
Ideology of workshop control, although limited, could be projected Into a 
localised form of technical education. Armstrong's at Elswick make tbo 
pointl 
'. ** classes not only develop thought and Intelligence, but they also foster studious and steady habits and to raise the tons of tho 
students ... studentra who are most regular ... and most earnest in their endeavours ... turn out to be the most efficient workmen ... W. G. Armstrong & Co. Pesponse to R. C. Circular, p. 6471 
Clearly, institutional arrangements in a company-run school enabled 
employers to oversee the occupational socialization of their young 
workers [See my discussion above, Sub-section 7.4.01. 
In a recent analysis, Grignon (1971) expresed such a position in 
class terms, 
' The task of moralisation ... has allowed the Inaral level' of the 
working people to be raised ... those who occupy the lowest social 
position have Interiorised the ability to behave In conformity with 
the interests of the dominant claeGer, ... * (Quoted In Dickinson and 
Erben (1982) p. 1481 
It would be difficult to conclude from Sadler's restricted cample that 
there had a discernible change in tho attitudes of a generality of 
engineering employers. 
This particular study therefore needs to be viewed against the 
E. E. F. IA. S. E. Agreement signed In 1007, which I have analysed. Regarding 
technical training, I pointed up the circumscribed nature of clause 0, in 
which facilities for training were contingent upon the demands of the 
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factory (my discussion, ch 3). Clause 7 spelled out the Ideology of the 
workplace' and clearly affected employers' attitude to questions such as 
day-time release of workers: 
'Employers in view of the necessity of obtaining the mant ennylanicAl 
prodnctlon whethnr by skilled nr un--k-111od wnrknna, have free 
discretion to appoint the men they consider suitable ... " (E. E. F. Xinutes (1907)] (my emphasis). 
This clause unequivocally stated the principles upon which engineer I ing 
production was organised. This applied to Federated members, and would 
not necessarily include all mechanical engineering concerns. But the 
central point remained; the A. S. E. had conceded the principle of workshop 
autonomy$ and reinforced their dependence upon employers with regard to 
access to any form of technical education. Clearly It had Implications 
for the form and organisation of the apprenticeship system as the 
practical component of technical education, interacting with the training 
outside the factory, in the technical Institute: 
'There shall be no recognised proportion of apprentices to 
Journeymen ... " (EEF/ASE Agreement Clause 61 
9.11.0 
A Lnndrn rnmnty council Inquiry-into Froplayerm, Attituda 
tn TechnicAl l7ducation In tho Matrnpnlln 
Concern over the effectiveness of evening classes as a means of 
providing for the technical education of young workers, prompted a London 
County Council inquiry in 1908 (LCC(1006)p. 71. A memorandum was sent to 
principals of polytechnics and other technical Institutes through whom 
employers In the skilled mechanical trades were contacted. The object was 
to determine, with reference to part-time classes, the extent and nature 
of the co-operation which might be established between the employers in 
London and the Council in the matter of technical education'. (Letter 
from Clerk of the Council, Mar. 1908). 
The Report showed local employers to be Ignorant of the facilities 
that existed at the time: 
It is very doubtful whether the majority of employer fully 
realise what is being done, or avail themselves ... of tha advantages 
offered to their employees*. (Ibid. P-61 
Later the L. C. C. offered jt5 bursaries for uroe by apprentices In order that 
they may be able to attend classes in the day time. ThIc was again 
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offered through technical institute principals who contacted locally- 
related firms ELCC(1909)p. 4191. 
Of the twenty-seven replies received by the L. C. C., only t3ja 
1rdjnAtPA_& wjjjjnXnp, -, q tt: l allow apprentlnpn timn tiff during the day 
unApr thin nnhpmp. rTbld. 
The L. C. C. concluded that 
I... at present (the results of the inquiries) do not afford much 
prospect of the introduction of 'part-time' clazGes an any acale at 
all commensurate with the need'. (Ibid. p. 4221 
Another L. C. C. sub-committee, the Skilled Employment Committee, had 
Instituted a similar inquiry. As a result, limited extension to existing 
provisions was introduced, an early evening class, starting at 5.15, at 
Shoreditch Technical Institute. This was the concept of the 'twilight 
class'. It also met with little success MCC19091. 
The general conclusion reached by the LCC Inquiries over the period 
1892-1909 was that employer response was of 'the most meagre 
dimensions'. The employers had again demonstrated negative attitudes to 
technical education and also confirmed their unwillingness to make 
concessions regarding a part-time day release pattern. The Council 
concluded, 
there appears no prospect of Inducing enplayers an any large 
scale to co-operate with us In the establishment of a satisfactory 
system ... I (Ibid. p. 4221 
This suggested to the Council that a more authoritarian approach night be 
needed. 
'It would seem desirable for Parliament to give the education 
authority power to compel enployers to allow their appreaticaG and 
learners 'time off' during the day to attend classes ... (Ibid. 
p. 4231 
This seems to have been the first Inclination to consider conpulsory 
powers In local administration of technical education. The possible 
Influence of Sidney Webb, who was Chairnan of the LCC; Technical Education 
Committee, the first of its kind, nay be detected in this political 
nanoeuvre. He argued, in particular, for local government control over 
Its financing and administration. It was Vebb who had earlier suggested 
that the city Livery Companies should devote some of their accumulated 
bequests to the cause of technical education in the metropolis (Brennan, 
E. (1059)]. 
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9.12. O 
Stimmary and Dfrncufýrtlmn 
Although significant for its time, the impetus given to higher 
education by legislation such as the Royal Commission of 1884 and the 
1889 and 1902 Acts, was largely counteracted in practice by other social 
forces creating priorities which local authorities felt compelled to meet. 
The LCC had experienced this. as the allocation of funds granted under 
the new Acts of 1890 and 1901 had shown (my reference above p. 298). 
Thies Issue had caused concern to trades unionists in 1895, and was 
expressed in a memorial to the Bryce Commission of that year. 
The results of early 20th century inquiries such as the A. M. 's 1905 
survey, Sadler's 1904 and 1907 studies, and the LCC 1900 and 1909 
research confirmed the state's grindingly slow response, and the 
historical prejudice of employers against certain forms of technical 
education. It is plain that it was not only a question of employer 
Ideology; national and local government political and economic priorities 
were also evident. 
I Board of Education Report for 1908-9 admitted that these kinds of 
Political and economic considerations significantly affected the extenalon 
Of technical education provision (Board of Education (1008-9) p. 681. 
The report went on to suggest that one of the dutieci of managem of 
technical schools was to establish and maintain the closest possible 
relations with those under whom their students were employed. Under 
existing conditions, 
I... great Importance attacbes to any action taken by employers'. 
(Ibid. p. 851 
Its Inquiries in 1907-8, had shown that the Increase In the number of 
students who were attending technical classes particularly during the 
day, was 'lamentably small' Elbid. p-89). The Board recommended an 
extension of the opportunities for part-time day study. Such an increase 
would not, it was suggested, be coatly. (Ibid. p. 861. 
It also implied that one of the reasons for the lack of growth of 
technical institutions was a bias amongst the generality of employers 
against the so-called 'college- trained I man, and the employers' belief that 
the technical institute would replace workshop experience gained in tho 
works Elbid. p. 903. It seems to me that this represented a reassertion of 
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the commonly-held but mistaken view that employers were consciour, of a 
need, and engaged In systematic training of young workers. The evidence 
relating to technological developments from the 185OG and the major 
disputes such as the 1852 and the 1897-8 engineering strike, points to 
another rationalisation. It was not that employers expressed fear about 
the decline or transfer of the training function. as the Board was, to 
later imply, On the contrary, the engineers' dispute showed. if anything, 
that employers were concerned to consolidate their control of the labour 
process and extend the application of the principles of substitution. That 
Ist they were continually seeking ways to replace skilled workers by 
unskilled operatives. The origin and development of any scheme of 
technical education therefore would clearly need to be considerod against 
the background of this overall employer strategy. 
The Board of Education, mainly concerned with general educational 
Issues, was anxious to involve employers in technical education, dospite 
clear evidence of their disinclination, over twenty years, to make more 
than a minimal commitment. The Board did not recognize the nature of the 
employers' influence over technical education; having no reason to believe 
it would have been part of an overall strategy to extend the limits of 
control over the labour process beyond the workshops. 
Under the 1889 Act the Board, however, was responsible for 
sanctioning instruction in technical subjects In addition to administering 
the Victoria and Albert Xuseun, the Royal College of Xusic, and 
administering the Vh1tworth Scholarship scheme. It is significant that 
'technology, was not defined until 1900, by a committee appointed to 
examine the function of the Board. In other words. there bad been no 
*mOdus vivendi" governing technical education In the twenty years 
following the foundation of the CGLI and the eleven years after the 1889 
Technical Instruction Act. 
In 1900 'technology, was defined as, 
the application of different and specialised kinds of knowledge 
to practical occupationst including a) arts and manufactures, b) 
agriculture, c) commerce ... It in-lay bo, onoldnrod n-- m divion-inn nf 
technIcAl PdtjnAtinn ... nuperin; nnod nn prima= and spenndAry 
educAtInn ,, " ECommittee an 
the Coordination of Technological 
Education(CCTE) (1900MMy emphasis]. 
A subsequent Board Report of 1908-0 provided another restatement of the 
need to relate technology to both the wider educational and Industrial 
Systems. This again implied that employers were a crucial mediating 
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group. But as in the case of the LCC. -at a local or metropolitan level, 
the Board was unable to Judge the extent to which employers could resist 
demands on both levels for more active cor-operation. Xy analysis of the 
1897 dispute has' pointed to the central Issues here; and I reiterate the 
argument. The combination of a strong belief in the application of new 
technologies and the knowledge that the principal artisan union had been 
forcibly defeated in the 1807/8 conflict demonstrated that there was 
little Incentive for employers to accede to a lessening of control of the 
labour process. There was much to be gained by widening that control into 
areas concerned with the reproduction of labour power, I. e. schools and 
Institutes concerned with aspects of technical education. 
The part-time, evening class pattern became the dominant feature of 
English technical education from 1879. It goes unrenarked in existing 
accounts of the origin and development of technical education, that 
throughout the whole of the period from 1870, well into the next century, 
neither government nor employers modified their basic cautious and 
calculating attitudes towards technical education. Thus the effect of the 
1897/8 conflict was first, to cement In place a particular management and 
production Ideology informed by the principles of the free market that 
had been maturing since the onset of modern engineering practices, based 
an substitution, in the 1850s. 
Second, I believe the evidence also shows that cubsequent 
legislation left untouched the effects of the strike of 1897-8 and the 
ratification of the Terns of Settlement In 1907. It confirmed that 
engineering employers particularly, were primarily concerned, not wj+h 
futurn skilipd labc1ur rpoutrementa. but with current prnductInft tomm. As 
Noble, the spokesman for the EEP exprecGed it In 1908, 
'In the engineering Industry the epoch of change dates from the 
agreement effected between the Federated Engineering Employers and 
certain allied trade unions in January 1898 ... I (R. C. an T. D. and T. C. 
(1906) P. 1611 
He had substantial evidence to support this claimf reporting that during 
the 1897 dispute, his company had 10,000 men at work at a time when 
nearly all the works in Newcastle (Noble was director of the Armstrong 
works in Newcastle) were closed. His company had Introduced at that 
time hundreds of milling machines (there were the machines I discussed 
above concerning the need to overcome the problem of rotating work which 
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required skilled turners). Not one turner or high class machineman was 
employed an these machines, 
as It was nnt at- all mr-cennAW (Ibid. Q. 2415. ý (p. 1631 (my 
emphasis) (my discussion above p. 306). 
Noble's reference here to the question of machine manning focuses upon a 
form of technical development relating to the skilled/unskilled issue. It 
was a development that reached back to 1854 when lasmyth made a similar 
proposition about, current labour requirements rather than projecting 
future skilled labour needst , 
I... if we took the right means we do not require to depend upon 
what are reputed to be regularly-bred mechanics In the particular 
line, or what we call tradesmen'. (Nasmyth. J. (1854) p. 1081 
By 'right means' he clearly implied right for the employer In terms of 
depressing costs by employing cheap labour and raising production; he did 
not imply rights for the worker: 
"The great result of employing proper machines is, that you do not 
depend an dexterity. All you want Is intellect and the faculty of 
managing machinery. You do not require manual dexterity". (Ibid. ) 
It was Nasmyth who later referred to the apprenticeship system as the 
"fag-end of the old feudal system". (R. C. an T. U. (1667-8) Q. 192011 
Two of the major strikes of the loth century both involved engineers, in 
1852 and 1897. Wider economic considerations, particularly In the latter 
dispute tended to overshadow what, in this analysiG, war., equally crucial: 
the employers' powerful mediating influence In the form and course taken 
by technical education development after mid-century. Engineer- 
entrepreneurs such as Fasmyth, Whitworth, Armstrong, Dyer, Noble, had no 
definitive notion of technical education; but the evidence shows they had 
a strong Influence on the way technical education was perceived by other 
employers. (I am aware that Whitworth instituted valuable scholarships for 
artisans in 1668, but these were limited and their original function 
changed considerably over time). 
Is I have shown, control of the labour process entailed dominance 
over new technologies, and extended control of labour power, Including its 
reproduction in the technical education system (Clause 6) Terms of 
Settlement. The consolidation of corporate employer power, especially In 
the mechanical engineering Industry, was confirned in 1808. Complete 
control over practical training and access to tecbmical education outside 
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Industry was vested in the engineering employers (Clauses 5,0.7 of the 
Terms of Settlement. 
Technical education, from its beginning under the aegis of the 
C. G. L. I., always had a central component controlled by employers - the 
apprenticeship system. Despite allowing the apprenticeship to decline 
throughout the century, the employers never relinquished control over the 
practical elements of technical education. Neither the local authorities, 
the CGLI. nor the Board of Education from 1890, had any jurisdiction over 
the practical training element of technical education. Thus a crucial 
factor of technical education remained employer-dominated. 
Employers in the engineering industry, In the main a fragmented 
Industry, were, first and foremost concerned with short-term profit- 
seeking, organising and controlling 'technology in use' In order to 
satisfy current production needs. It is clear from the evidence that they 
were not engaged in long-term projections of skilled labour requirements 
or promoting technical education, to which, at best, they had always been 
ambivalent. From the 1880s. the individual employer's Implementation of 
technology in use was subsumed under a corporate GEF) need to render 
the skilled workers union, the A. S. E., inpatent. The Royal Commission of 
1884, the Technical Instruction Act of 1889, and the subsequent Acts 
failed to Induce any radical alteration in employer attitudes. As members 
Of a corporate body such as the EEF, many engineering employer realized 
after 1897/8 that they had increased their power to Inpome virtually any 
conditions of work and concomitantly controlled access to education for 
workers in the industry. The 1897 dispute clearly showed that the 
radical shifting of power relations in the workshops in favour of the 
employers, resulting directly from the conflict over machine manning and 
the issue of labour substitution, rendered it virtually Impossible for 
workers to defend their position regarding technical education. Thus the 
Only proposed alternative concept of technical education, based On a cloGe 
Integration of craft practice and theory, was made redundant. 
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CHAPTER 10 
10.0.0. 
IndustrIA_1 Confllct mnd l9th Century Techninal and Educat1cm, 11 
Chaniza 
My aim in this study has been to offer an explanation of the origin 
and development of 19th century technical education. by extending the 
analysis beyond changes in educational policies and reform. I have 
attempted to show that, contrary to existing scholarship In this field, 
the social and technological changes emanating frois conflicts within the 
mechanical engineering industry were a particularly significant influence 
an technical and educational developments from 1850. 
Existing accounts of technical education and technological 
Innovations, set predominantly within a consensualist framework, focus 
too narrowly an the opinions and advice of concerned 10th century 
Individuals such as Playfair, Huxleye Roscoe, Scott-RuGaell, and other 
public figures, usually outside the Industry. Xy critique of such analyses 
Is that within their own terms of reference, they provide adequate 
accounts, but misdirected by attributing a 19th century 'movement' to an 
ad hoc structure of technical education perceived as an evolutionary 
growth out of the general education system. 
Central to my own argument has been the Idea that analysis of 
struggles over the reorganization of Industrial work and technological 
Innovations offers new insights Into the sequence of events which led up 
to the formation of a national system of technical education. 
The model of educational and technical change I proposed 
enCoupassed the notion that powerful employers, employing many 
skilled(and unskilled) workers, exercised an unrecognized influence beyond 
the Immediate concerns of the factory. The nature of that Influence was 
conditioned by the employers' control over much of the lives of young 
workers for whom technical education was ostensibly being drafted. 
I therefore focused attention on the issuea of labour control and 
the coaf licts which resulted from work reorganization, changing 
definitions of skill, and the implementation of now technologies. I sought 
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a) to relate the conflictual nature of the cocial and technical relations 
of production to ideololgies concerned with technical education. b) To 
demonstrate that the forces underlying the development and Implementation 
of new technologies were also those at work In the denise of the 
apprenticeship system and the development of technical education. 
My main hypothesis was that embedded in many of the employer- 
employee disputes, over a range of issues associated with changing 
definitions of skill and the apprenticeship system. were fundamental. but 
often obscured, ideas about technical education. 
The Great Strike and Lock-out of 1897/8 provided a critical case 
study in which I explored this hypothesis. I believe It has been shown 
that it embodied crucial elements of technical change which had gathered 
pace after the earlier major engineering strike of 1652. The Great Strike 
highlighted in particular the interrelation between issues of machine 
manning and Innovation and questions of transformed power relations, 
which had ramifications outside the Industry, such as the course taken by 
technical education developments. 
Analysis of the 1897/8 conflict also provided an unexplored 
framework in which to explore the significance for technical education 
development of the predominance of the prevailing laissez faire economic 
Policy. The outcome of the strike, as an outright consolidation of 
engineering employer power, confirmed that underpinning the employers, 
Inflexible attitudes to work reorganization and technical education 
developments was the desire to maximize profits, linked with an 
unqualified reliance upon 'short-term ism'. 
Encouraged by the State's singular adherence to the workings of free 
market forces with respect to economics and technical education, 
employers, federated employers especially, entered upon a series of 
strategies for labour control and technology management which Inevitably 
fostered a narrow vision of tochnical education. I showed that the 
formation of the City and Guilds of London Institute and educational 
legislation from the 1880s did little to counteract the baneful effects on 
technical education of the employersO commitment to profit naximization, 
despite the apparent Irrational demise of the artisan class. Rather than 
facilitating the development of technical education on a more sympathetic 
and rational basis than a part-time, evening class structure, it 
reinforced the employers' unfailing belief In Ishort-termism', which 
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stemmed directly from laissez faire policies. Contradictions emerging 
from state policies both In economics and education went unrecognized and 
obscured one of the more direct consequences of the 1897 dispute: the 
cementing in place of an essentially short-term ideology of production 
and a corresponding set of attitudes towards technical education which 
were to last well Into the next century. 
prnhipme- nf Artle-an Plltl--m 
Technical, education provisiont particularly from the 1870s and 
1880s, was plainly part of wider social developments Including political 
and Ideological issues in addition to those I considered strictly relevant 
and have examined. The Ideology and practices of engineering artisans 
were especially significant here because of their primary location In the 
leading manufacturing industry of the 19th century. I drew upon data from 
their conference resolutions and union proceedings to reveal their 
attitudes and beliefs about technical education. which I believe were 
crucially linked to their reaction to the Increasing power of the 
employers over the labour process. In this respect I made the asmumption 
that their views were the only articulated response emanating from- the 
working class to any prevailing nations of technical education 
Declarations of artisan elitism, bound sip with the skilled workers, 
concerns regarding technical education and their assumed exclusivity, 
therefore took an special significance, characterized by such groups as 
the 'Junta,. This status-seeking class consciousness was not without Its 
problems. An elite group of union representatives of the leading crafts, 
the 'Junta' did not display hostility to the general notion of profit- 
seeking, nor did they. to paraphrase Briefs(1937), show expressions of 
class solidarity or prove a 'gathering point for anti-capitalist, 
proletarian feelings' (p. 209). On the contrary, engineering tradesmen, 
throughout the period from 1852(tbe year of the first major engineering 
strike) through 1897, tried not to distance themselves too far from the 
employers. Despite many industrial disputes. they maintained an uneasy 
alignment, as the details of the events leading to the Great Strike and 
Lockout of 1897 revealed. But as long as it served the artisans' sectional 
Interests it continued, in 1860, for example, they appeared to share 
common objectives with the employers: 
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'Af we are to keep pmca with nur fnreIgn r1yaln, in the artistic 
and scientific departments of industry, we must ba afforded greater 
facilities for acquiring a larger amount of artistic and scientific 
instruction-, (Journal of Society of Arts, 21st May, 1869). 
(My emphasis]. 
In pursuing sectional interests by seeking association with employers an 
some aspects of technical education, the artisans failed to perceive the 
contradictions in their position via a via employers and the unskilled 
workers In the Industry. They underestimated the Implications of such an 
alignment for the implementation of the broader principles of technical 
education: control of the technologies at the site of production was 
Inseparable from control of both, the technical and social relations of 
production. My main proposition here was that strategies such as the 
piece-work system and the deployment of new technologies of the 19th 
century embodied elements of social control: as management-dominated 
technology superseded artisan-control of production; For the first time 
In the history of metal-machining, the tool was effectively removed from 
the artisans' hands and located an a machine capable of producing work of 
greater accuracy and finish, with a minimum of &kill Input. By 1868 it 
was possible for an employer such as Naamyth to argue: 
'The day will come In which doz Pricringn w111 bn mada by cirlet. 
There is as much skill required in superintending a power loom or a 
spinning jenny with its thousand apindles. as a steam engize... '(R. C. 
on T. U. 1867/8, Qs 19190,19194). 
The contradictions on the artisans' side clearly took different forms, but 
were evident In attempts to strengthen their status relative to the 
labourers, primarily through retention of the apprenticeship; and relative 
to the employers through the pursuance of the claim that they were 
historically repositories of skill. Xajor employers gradually building a 
more comprehensive federation were determined to eliminate the basis upon 
which artisans were attempting to Justify their negotiating statust access 
to generalized craft knowledge. Thus a series of conflicts was generated 
throughout the second half of the century. 
The artisans' reluctance to concede advantages to unskilled 
engineering workers, while reaffirming their status as 'aristocrats' of 
labour, clearly did nothing to moderate the main employers' authority In 
and beyond the workplace. The implementation of new classes of machines 
and modified workshop reorganization presupposed untrained labour: the 
prospect of manning machines presented the labourers with an Incentive 
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to collaborate more ýclosely with employers rather than maintain their 
traditional, subordinate roles in artisan-dominated workshops. 
Cole's(1937) thesis that employers constantly sought to break down 
skilled- unskilled divisions In the factory to supported by the evidence I 
have examined. 
10-2.0. 
rnnti, ml n-ar TPchnnIngy and Management nf T. mhmttr! The-Insue nf 
TntAre! hjqnZAAbtlfty nf Parts And Labour. 
In the chapters of section one I maintained that one of the crucial 
characteristics of the skilled 19th century engineering craftsman, in 
relation to other workers and in terms of the quality of work produced, 
was accuracy of dimension. Measurenent(rakilled use of relatively fine 
Instruments) defined engineering craftsmanship an distinct from 
'gauging, (simple comparison with pre-nade 'templates'. But early In the 
century the limits on component sizes was quite arbitrary and left much 
to discretion of the Individual workman. In the light of this I focuGed 
On the seminal work of Vhitworth in metrology. On the question of 
accuracy in engineering practice he notedo 
'What exact notion can any man have of such a size as a 'bare 
sixteenth' or a full thirty-second' and what Inconvenient results 
may ensue from the different notions different workman as to the 
value of these terms... ' (185714g). 
Vh1tworth was here pointing up the basis of engineering skilli the 
ability to control measurements. He early recognized the difficulty of 
using unskilled labour without subtle gradations of fine measurement and 
standardizationi 
'there was... (without them) ... endless trouble, hopelea confusion, 
and enormous expense ... Uy discussion above based an Smilea(1870)) 
The use of gauges and templates in place of measuring, based on 
Iftitworth's gauges, and the increasing prevalence of automatic machine& 
transformed the workshops: 
'All the mechanic has to do now ... Is to sharpen his tool, place it an 
the machine in connection with the work, and set it on the self- 
acting notion-nine- tenths of his time Is spent watching the 
delicate and beautiful functions of the machine ... I(Nasnyth R. C. on T. U. 1887/8). 
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Whitworth's and Nasnyth's insight was to perceive the relation between 
control over technology and precision measurement as underlying labour 
control. Technology-management and nan-management coaleacedi overall 
dominance being more firmly vested in the employart that Is, control of 
and In the new technologies. Employer access to alternative methods of 
reproducing precision work gradually eroded a crucial distinction between 
the skilled and unskilled In engineering workshops. Factory structure and 
organization was thus modified by employers Intent an the Increased 
employment of 'bay labourl and 'girl labourl. as opposed to Indentured 
apprentices. 
A significant element of enginering trade training,, the acquisition 
Of the vital skills of precision working, was thus effectively removed 
from the artisan and control passed to the employer. Interchangeability 
of parts (based on newly established Istandards') entailed 
Interchangeability of labour. It wail at this level of traditional controls 
over workshop procedures that the artisans generated their formal 
resistance to workshop reorganization. In addition, their case against 
work reorganization embodied a plea for a form of technical education 
based on the traditional craft apprenticeship. 
10.3.0. 
MatiO-Machitilrig TnnnvAtlonst Tbp SfignIffranc@ for Rmplnyer Pnwnr. 
Technical innovations underpinned the employers' systenatic sub- 
division of technical knowledge and craft skills, formerly conceived as 
part of the repertoire of engineering tradesmen. Technical knowledge 
became increasingly mystified and was to become available an a '11eed-to- 
know, basis, for example, Operators no longer required a knowledge of 
cutting speeds and feeds, tool characteristics. cutting times, tool angles. 
Xachining data and work schedules became the product of the Itoolroom'. 
I considered it inappropriate to examine In detail F-Maylor's 
significant work in the sphere of tool cutting but argued, with reference 
to these technological developments, that one of the contributions of this 
American engineer was to bring Into contemporary engineering practice the 
more rigorous studies on metrology similar to Whitworthlo. He combined 
the innovative principles of 'standards' and interchangeability with his 
Own revolutionary metallurgical discoveries, particularly his developnent 
Of High Speed Steel, from the 1880s. Both he and Vhitworth focused an the 
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paramount employer 'need' to Improve labour control, eliminate dependence 
upon skilled labour, and cut costs. 
'Existing accounts of technologIcal development$ and 4abour process 
theories of management control of labour, emphasize the, Ideological 
component of Taylor's work, 'scientific management', but underrate the 
metallurgical innovations, which transformed the nachining of netals. The 
essence of the work of Vhitworth and Taylor was to establish the 
Inseparability of the Ideology of control, machine tool design and the 
metallurgical processes of metal cutting. 
Consolidation of control over technical knowledge and the labour 
process by employers was vigorously pursued throughout the century and, 
as my analysis in chapter eight on the Great Strike of 1897/8 showed, 
was unambiguously confirmed by the defeat of the Amalgamated Society of 
Engineers(ASE) in 1898. Ratification of the employers' power came through 
the ASE-EEF Agreements of 1901 and 1907. 
10.3. L. 
The Struggle over pnwpr Ralatinnnt The Rrpakltr nf UnInn Autmmmy 
Despite the radicalizing of engineering rokills, the conflict of 
interests and the struggle over power relations continuod after the 1907 
Agreement; in fact the issues of machine manning and the apprenticeship 
question were repeatedly in contention from 1808. The crucial redefinition 
of skill was accompanied by the employers' assertion of the $right to 
nanagel. They also reasserted pressure to integrate the General Vorkers' 
Union, a union of unskilled workers, Into employer-union discussiono. 
Continuing to reiterate the Terms of Settlement of 1007. they arguedt 
'In making ... appointments the employers shall 
have regard to 
the nature of the work to be done an ... machine tools, and the 
degree of ability required from the workman... ' (EEF(1027)p. 23). 
The ASE was forced to expand its craft Interests 'downwards' in order to 
retain control over the lower-grade procerreas that accompanied the now 
technologiest a process referred to as skilled workers 'following the 
machines'. The unskilled workers, encouraged by the employers, Increased 
their demands for machine operating opportunities. They claimed they were 
'entitled to progress according to their ability... and the 
opportunities that occur ... I(EEF(1927)p. 24). 
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In focusing upon the Interaction between expanding forms of technology 
and the reorganization of work I pointed up a discernible pattern in the 
employers' labour control strategies and the Ideology of production based 
an widespread use of unskilled labour. It is also clear that employers 
were not prepared to moderate their highly qualified attitude over access 
to trade training. At a local level some introduced company-specific 
training embodying limited skills, usually based an up-graded unskilled 
labour. This element of work reorganization continued to be a source of 
conflict between skilled workers and employers. ___1 This provided the context for an examination of my hypothesis that 
the forces underlying the development and Implementation of now 
technologies were also those at work in the demise of the apprenticeship 
system and the development of a particular form of technical education. 
ý1 Central to my thesis therefore have been the conflicts between 
engineering employers and labour. In chapter 41 focused an the 
Importance and relevance of labour process theories which have 
Investigated conflicts associated with the nature of changes in the 
definition and use of skilled labour. the Increasing domination of 
managerial control, and the transformation of work. I referred to the 
highly significant contribution of Braverman(1974) In the sphere of 'do- 
sklllingi and the general nature of skill decomposition. Data analyzed for 
this study have showed that it was possible for employers to effectively 
decompose craft skills through the implementation of now technologies; 
details which Braverman's work ignored or assumed. Xy criticism of labour 
process theories, typified by Braverman, was that they too are 
constrained by relatively narrow parameters, and. in the main, do not 
extend analysis beyond the productive process. 
Employer-enployee conflicts first revolved around practical Issues 
such as machine manning and economic efficiency. They also promoted the 
growth of an Engineering Employers' Federation (EEF). EEF representation 
at Inquiries and an Royal Commissions, revealed the ideology of 
production and, if only tacitly, underlying attitudes to technical 
education not previously recorded. Prominent among employers were 
Armstrong-Whitworth$ Xather Platt's of Oldham, Atlas Engineering. and 
Vickers XaxIm, whose submissions pointed to the emergence of- a 
Philosophy of technical education other than that available In strictly 
educational sources. It became clear that they perceived the part-time, 
evening class as the proper venue for technical education. 
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10.4.0. 
Employers. Technology mnd Farly Influennon In To-chnInal Mucatinn. 
The employers' Influence In technical education and related issues 
nay be traced back to nid-century, In Inquiries and Commissions from 
about the 1850s. Whitworth's deliberations on the advantages of 
standardization and the use of unskilled labour. for example, were 
revealed as early as 1854 in his submission to the Royal Commission on 
Small Arias of that year. These and further official sources such ao, the 
Royal Commission of 1884, the Technical Instruction Act of 1689, and 
subsequent research by the ATI(1905), Sadler(1906), the Engineering 
Institutes, and the CGLI suggested that an account of the struggle for 
control over the organization of work shed new light an the origin and 
devlopment of technical education. II 
From the 1880s especially there was an Increasingly close 
connection between engineering employers' dominance ever now 
technologies, control of the labour process. and the form of technical 
education that was being developed at the time. 
The specific case of the loth century engineering Industry thus 
Puts Into sharp relief the ideological position of employers and workers 
regarding technical education. Engineering employers were consistent In 
the level of support they were prepared to provide young workers. It was 
highly qualified and remained marginal to the needs of workers. 
It Is difficult to extrapolate from evidence relating to a small 
number of large employers to a generality of employers. There Is little 
evidence, for example, regarding the attitudes and beliefs about technical 
education of the majority of loth century engineering employers In what 
was essentially a small-firm Industry. There Is also a critical problem 
In explaining an assumed relation between an abstraction, 'employers,, and 
making judgements concerning local employers of labour engaged In the 
production process. However it seems reasonable to conclude that, in the 
naing engineering employers were at best. equivocal about technical 
education. Often openly hostile to technical education schemes other than 
those based on the evening class principle they were not concerned with 
projecting future skilled manpower commitments, but with satisfying 
current production needs. 
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I have shown that a pattern of technical education based on 'the 
separation of work and education and Its location predominantly 'in 
evening 'classes was a critical development clearly subject to employer 
Intervention. 
The Association of Technical Institutes' research of 1905, showed 
that the evening class, system suited most employers because It suited 
their ideology of work and it was cheapt evening classes under the City 
and Guilds of London Institute were free for young workers, and no 
production time was lost through workers being released for part-time 
day classes. 
But a Board of Education Report of 1908, substantially supported by 
Sadler's survey of the sane year, unequivocally argued that the prevailing 
pattern of technical education based an the evening class pattern, 
Iretarded... and disheartened the student before he has obtained even 
such knowledge as he requires if he is to be an Intelligent hand- 
worker ... '(Board of Education (1908/g. p. 86). 
Nevertheless the pattern of technical education, for all practical 
purposes, had been set by the collapse of union resistance to work 
reorganization and skill redefinition, after the strike of 1897/8. 
I believe it has been shown that for much of the l9th century the 
craft apprenticeship mode of training was the only form of technical 
education; and was perceived as such by the unions. Under the broad 
heading, The Apprenticeship and York Organization, I put the case that 
artisans viewed the apprenticeship as central to any technical education 
system. In an Important sense the transfer of control from artisan- 
dominated production processes to a model of employer-dominated 
technology, as part of the reorganization of work, meant that control 
over technical education was also displaced. This developments and the 
nature of the power relations within which it transpired has not been 
explored by existing scholarship an the origin and development of 
technical education. 
This is not to suggest that existing accounts are Implausible. 
Evidence I have examined has Indicated, for example, that from mid- 
century, the artisans' perception of technical education In some respects 
paralleled the prevailing views of scientists such as Huxley# Lyon 
Playfair, and Scott-Russell# who were among the leading public figures 
expressing concern about the development of technical education. 
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Tradesmen also concurred In the generalized view that technical 
education made the skilled worker more competent and 'technically 
efficient'. But the reality of the situation, misconstrued by skilled 
workers, was that technical education provision was subordinated to the 
working of the free market, which clearly undermined their case for a 
retention of the apprenticeship as a basis for technical education. In 
neglecting the industrial conflicts which constituted the soclo-political 
background to these developments, existing scholarship tends to be one- 
dimensional. 
10.5.0. 
Xy critical case study of the Great Strike and Lockout of 1807/1808 
highlighted the protracted conflicts of interest of skilled engineering 
workers and their employers and the ambiguity of the artisans' poaltion 
v1s a vis the employers and the unskilled workers. The strike proved 
decisive in the transformation of union power and set firmly In place a 
set of Ideas concerning the apprenticeship system and the issue of 
technical education. 
In the aftermath of the strike employer power was further 
Consolidated, In particular, the link between their desire to control the 
labour process and the need to increase profit was reaffirmed. I believe 
my analysis has shown that the pursuit of profit was the overriding 
Imperative for 19th century employers. This was clearly In accord with 
the prevailing laissez fairs economic policies of Victorian Britain. Xore 
than Its rising Industrial competitors an unqualified belief in the 
workings of the free market characterized most of Britain's economic 
behaviour. 
As with the economy as a whole, the State perceived technical 
education as subject to the dictates of the free market. The 
distinguishing characteristic of this policy was that It was essentially 
short-term. With regard to profit-seeking. at the level of the Individual 
employer, this constituted rational economic behaviour. But the 
expectation of the state regarding a national policy for technical 
education was clearly directed at long term projections for skilled 
labour. Thus the downturn in the supply of skilled labour, responding to 
short-term prof it-seeking, seemed to manifest Irrational economic 
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behaviour. The Terms of Settlement z concluding - the dispute of 1897/8 
regularized this position, for no concessions to long-tern training were 
formulated. Plainly what was rational at the level of the Individual 
employer was to prove irrational at the level of national policy. 
10.5.1. 
I believe my analysis of the Strike has demonstrated that the 
essentially economic 'short-ternisn' of employers, actively supported by 
the State, significantly influenced subsequent legislation an technical 
education, the effects of which I examined In chapters 9 and 10. Xy 
analysis of reports such as those of 1902,1903#1005,1910, and government 
reports on trade training and education after the Pirst World War showed 
that the predominant laisez faire policies Inherited from the loth 
century fostered a neglect of technical education. 
The contradictions Inherent in British lohort-ternism' were III- 
understood, partly because the behaviour of employers was, an the one 
hand perceived as rational, but an the other as Irrational bocauce it wag 
incongruent with assumed national policies on technical education. A lack 
of understanding of these contradictions permeated policies an technical 
education from this period; and also characterizes consensualist accounts 
Of the development of technical education. 
10.541. 
This finding clearly implies that the developments In the late loth 
century were more than a late Victorian phenomenon, and that the critical 
Influence of employers was sustained beyond the period under review In 
my thesis. But do suboequent events beyond this period serve to validate 
my research? Did government persist In Ito free-market policiem and 
continue to perceive technical education an a tripartite model, involving 
the stateo local authorities, and employers? 
A brief examination of some of the inquiries relevant to the State, 
local authorities, and the employers in the first decades of the 20th 
century serves to Illuminate these Issues. 
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The State, from the outset clearly ambivalent about Ito role in 
technical education, assumed that the principal beneficiaries of technical 
education would be employers and young workers. The latter group were, 
for all practical purposes, powerless with respect to work organization 
and labour control. The government's assumption was that employers could 
realistically be expected to assume at least partial responsibility for 
technical education development and support. Was there any Justification 
for this view? 
The Acts of 1902 and 1903 which empowered local authorities to 
administer technical education in their areas were evidently failing by 
the end of the First World War. A large number of authoritlea bad no 
Technical Instruction Committees, and a still larger number had no 
Advisory Committees composing employers and workmen as laid down In the 
Acts (Board of Education (1919). 
It was also acknowledged at this time that the system of Indentured 
apprenticeships had almost died out'. A miniscule number of employers 
allowed some form of part-tine day release for classes, but It war 
admitted 
'It cannot be expected that the majority ... will do so 
voluntarily ... I (op. c it) - 
10.6.0. 
An Uneany Alllanna- Th,, StAt- E211PIDYerr- And LOCA1 A1Jthnr1tj=, 
The reluctance of local authorities to provide for the 
administration of technical education was attributed by the President of 
the Board of Education, Fisher, to the influence of employers. He argued 
there was a 
'---small and feeble response ... from the Industries which the 
Education Authorities tried to serve ... I (op -C I V. 
Employers In general, were still said to be Ignorant of the provision 
made In schools and colleges. 
'The industries know nothing of the technical schools#, they know 
nothing of the use which they might make of tbece scboolti; they do 
not believe in them ... '(Board of Education 
(1919)p. 31). 
110twitbstanding Fisher's strictures, government's long-hold conviction 
remained; a key factor in the resolution of technical education Issues 
was a positive contribution from the employers, who should formulate and 
make known their needs, and be prepared to provide partial fundIngi 
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'It is almost Imperative that (industries) -should make financial 
contributions towards the work which is carried on for their benefit 
by local Education Authorities ... I (lbid. p. 2). 
This reveals that government had yet to understand the political 
Implications of the anomolies created by economic 'short-termism' and 
long-term expectations for skilled labour. There appeared to be to 
recognition of the significance for technical change of power relations 
In Industry or of the ideological position held by employers regarding 
the organization of work and control of labour which had remained 
basically unaltered since before 1898. 
Through the last decades of the 19th century the enployers had 
Consistently demonstrated their unwillingeGs to support technical 
education on terms other than their own, and which did riot match the 
prevailing Ideology of production. Central to this Ideology was the 
decomposition of craft skills and the widespread use of relatively 
unskilled labour. The demise of the craft apprenticeship needs to be aeon 
therefore as part of the employers' more generalized and highly 
Circumspect attitude towards institutionalized technical education. 
But I believe the evidence has also pointed to another critical 
dimension in the government's appraisal of leading employers' attitudes 
to technical education, as revealed In public documents. The wall- 
publicized ineffectiveness of the employers' responsea deflected attention 
from the Statess own very cautious attitude to technical education on a 
national scale. Early in the century, for example, It had rejected the 
recommendations of a Committee an Technology and Technical Education 
which reported in 1901. It was proposed to the preald*nt of the Board of 
Education, Lord Devonshire, 
'... technology (a division of technical education) requires for the 
purposes of administration a somewhat special organization as a 
division of the Office (Coordination of Technology Comaittee, 1001). 
Regarding the local authoritlea Fisher criticizod the lack of plan or 
method and the ad boo development of technical education. Local 
authorities, he argued were 
'not well adjusted to the needs of technical education... ' (Letter to 
Board of Trade(1919). 
Thus government attributed the relatively poor state of technical 
education to Insufficient support from employenc, and the inability of 
local authorities to provide adequate administrative servicing. 
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This highlights one of the key elements In ny analysis of the 
events in this period, that of providing a detailed explanation for the 
evidently disjointed structure of technical education which emerged from 
the 19th century. 
10.6.1 
The government continued to perceive technical education as 
structured an a tripartite model: State, Local Authorities, and employers. 
But up to 1927 there had been no systematic contact between Industry, 
local authorities, and education. The Emmott Report of that year was the 
first In the history of education to bring together representatives of 
education authorities, learned societies, and Institutions such as the 
Federation of British Industries (FBI), and the General Federation of Trade 
Unions. Its significance Is further heightened by the fact that It was 
only the second full Inquiry into technical education; the first being the 
Royal Commission over 40 years earlier In 1884. 
As the 1884 Inquiry, Emmott had only semi-official status, having 
been Instigated by the Association of Technical Institutes CATI) , and was 
not government sponsored. Its main finding was that technical education 
was 'Patchy and disorganized' rather than an organic whole. Given 
evidence from the various official and unofficial Inquiries, and the 
generally acknowledged effects on apprenticeship and technical education 
Of the Great Strike in 1807/8, it would seem unrealistic that a coherent 
pattern of develpoment could have been envisaged. One journal acted that 
the report showed how 1111-coordinated were the parts of the educational 
machinery ... '(Journal of Education and School Vorld(1928). 
This report was quickly followed by an Inquiry Into engineering 
sducation(Clerk Advisory Committee (1928). Under Dugald Clark, tbiG 
demonstrated, that systematic organization of works training wag 
comparatively rare in the United Kingdom. Its main concluaLon, distorted 
by underestimating the Influence of major employers, was that very large 
numbers of engineering firms 'hlkvn littla ar inn RequaltAxne-n with. nr 
10011-mass-on, the provision made In technical rachoola'(p. 28) My e2hasis). , 
Both Emmott and Dugald Clerk therefore confirmed the underlying 
Inadequacies of the prevailing technical education system, without 
penetrating either the philosophy of education or the Ideology of 
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production which leigitinized then. But a minority report In Dugald 
Clerk (H. E. Berriman), did allude to the power of the employerst 
'... no material advance Is likely to be made in the technical 
education of the ordinary apprentices in the engineering trades 
until this subject is a recognized and established part of the 
Association## sphere of Interest, and therefore regarded as coming 
within the administration of labour ... '(Clerk Advisory Committee (1928 p. 30). 
Responding to a deputation from the Eamott Committee, Lord Eustace Percy, 
President of the Board of Education, emphasized the need to convert the 
evening class system, which dominated the part-tine pattern of technical 
education# into part-time day education. But the failure of government to 
recognize the power of the employers over this Issue war, again evident. 
Resolute in its adherence to laissez faire ocanomic behaviour it was not 
prepared to challenge the employers' position regarding short-term 
profit-seeking or their intransigence over day-release of young workers, 
I have shown that the government's Ideological position makes logistic 
sense if the state of the apprenticeship is consideredt For example, by 
1925, less than 8 per cent of apprentices to the nachinist trade were 
under Indentures or written agreements; and over 40 per cent of general 
engineering firms employed no apprentices at all EHXSO(1928)). 
Percy repeated the theme which had run since the 1870st 
'... it will probably be found that the degree to which part-time 
education can supplement workshop practice ... will depend largely on 
the willingness of employers to cooperate... in Increasing the number 
and range of part-time classes... Uoard of Education. General 
Information Memo, lo. 8 (1928)p. 141 
The Issue of a part-time day release structure reappeared In the'Balfour 
Report of 1929, which similarly reiterated the case for enlisting the 
support of employers. It maintained 1 
'The allowance for time off does not appear to be nearly so widely 
adopted as one thinks It deserves to be ... 'tBalfour Report (1920)p. 2081 
WThe reference to lAssociation' here is the Engineering Employers' 
Association GEA)# a body which acaumed the role of the old EEF, and 
which was later to revert to the Engineering Employers Federation (BEF) 
later in the century). 
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Within this4 context of, -day-release, Balfour referred to the concept 
of 'education as a factor in efficiency'. I have analyzed the implications 
Of this" conceptualization, with its emphasis an economics and the fear of 
foreign competition. It featured largely in the Ideas of thinkers an 
technical education, such as Huxley, Lyon Playfair, Scott-Ruasell; and 
permeates justifications for present technical education structures In 
existing accounts an the rise of technical education. 
I concluded that the decomposition of craft skills, the basis of 
technical training, was well advanced even as the first formal technical 
education structure was being debated by these scientists. In other words 
the decline of systematic craft training, as the practical component of 
theoretical studies, had reached the stage In the late 1920a when this 
aspect referred to by Balfour, was moribundl but still government 
expectations of the employers persisted. 
By the 1930s the pattern eatablished in the 19th century had become 
stabilized, despite the contradictions relative to local and national 
Interests engendered by a reliance upon the workings of the free market, 
Successive governments' Inability or unwillingness to moderate 
employers' dominance and control over access to technical education 
served to reinforce the structure and consolidate the underlying values 
of laissez faire doctrines. Subsequent developments, punctuated by 
'the Second World War and the post-war education legislation, produced few 
Innovations and the pattern continued wall into the Robbins' era. 
10.7.0. 
Thn rnntpmpnrary SituAtinn! Dopefttience on Emplmlern Roannorted 
Further evidence of employer Intransigence may be found In research 
from the 1970s. A major study of the education of engineers for the 
manufacturing industry by the British Association for the Advancement of 
Science (BAAS)(1977) examined the place of employers in craft training. 
It concluded that 
'Good training places are rocarce and much of Industry dow not 
appear to recognize its role In the development.,. of the engineer ... It 
has been evident for sons time that the traditional providere(of 
training places)... can no longer be expected to moot ... the 
demand IEBAAS (1977)p. 32 1. 
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This parallels the evidence given to a Commons Select Committee on 
Science and Technology, in the previous year. The Select Committee 
highlighted a basic lack of collaboration between the medium and- small 
Companies and technical education Institutionsi 
'Companies manufacturing machinery and batch production 
companies ... In general the small to medium size companies ... are least receptive to collaboration In any form ... (Select Committee Report(1976). 
The report also recognized the recurring problem of funding Inherited 
from 19th century. This was an issue taken up by the Conservative 
Political Centre(CPC). The CPC set up an Inquiry under Professor Thornton 
In 1977p publishing its report In 1978. One of the main proposals was 
the creation of an 'integrated education-training programnal(paras 3.5- 
3.7). But it could not fail to see a critical dependence upon the 
employers for the success of this kind of structure: 
'... integrated courses will Involve close collaboration between 
educational Institutions and engineering organizations ... 1(para 3.39). 
The reluctance of the employers to release staff to attend courses was 
u0ted(para 3.12). The recommended solution was novel In that It attempted 
to moderate the employers' attitudes through propocW tax subsidies &s an 
Incentive to support technical educationt 
I ... the cost ... of up-dating courses ... together with any associated costs of retraining should be directly allowable for tax 
Purposes ... I(Op. cit p. 29) 
10.74, 
Criticisms of the employers' response to appeals for technical 
education support continued up to the 1070s. The persistence of these 
criticisms has had important implications for the way the current BEF 
Perceives, Its position on technical education and also highlights the 
regularity with which employers have maintained their guarded attitude to 
Its provision. 
The EEF has rationalized the problems of technical education, as 
articulated since the last centuryp In terms of Its interrelation with the 
consolidation of employer control over the labour process. The recent 
Select Committees, the BAAS, and other Institutions perceived the problem 
In terms of inadequacies of training within the Industryl the EEF 
deflected criticism by arguing that the needs of 'industry' were different 
from those of the 'individual companyli 
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'... the - employer Is best suited to identify the training needs 
of ... young people ... ICEEF, (1976) p-23). 
My earlier chapters dealing with, the Terms of Settlement of the 1897 
strike showed the employers than were similarly concerned with 
'identifying needs of young workers's 
'Employers have the right to select, train and employ whom they 
consider best adapted to the various operations carried on In their 
workshops ... '(Terms of Settlement (1898), clause 6, my Appendix 2(a) 1. 
A concept of education grounded on employers' 'rights to manage' as a 
basis for trade training was, in the main, illusory In the 2870a, as It 
appears to be In the 1970s and 1080s. The 1976 manpower study by the 
EEF is itself condemnatory in his respects 
'... the fact that many... young people receive little or no training is 
a matter of serious concern. It warrants attentioa by both employers 
and the Engineering Training Board... ' (EEF (1976) Appendix D par& 9). 
But I believe engineering employers still perceive the training Issue 
predominantly In terms of individual companies' 'need' for Increasing 
control of labour, and the use of technology as a means of improving 
productivity rather than in terms of complementing a policy of technical 
education for the engineering industry. Hence the employers' 
rationalization of the problem as 'a conflict of Interests's 
'... there is an Inherent conflict, as yet unresolved, between the 
interests of the industry as a whole and those of the 
individual ... 1(lbid p. 21). 
Contemporary engineering employers thus still embody the 19th century 
notion of the need to control the total labour process. Since 1898 they 
have Institutionalized their control over access to technical education 
and their begemonic control over production processes. As In the 
previous century they emphasize current Production needs rather than 
projecting future skilled manpower requirements. 
Current management thinking rests an four aasumptions, which 
maintain a singular familiarity., 
'First, the need to give a greater attention to the management of 
manpower... r. econdlyt the need to improve greatly our use of existing 
manpower, so as to improve productivity ... I (EEF(1076)p. 12). 
With regard to new recruits a third assumption states, 'there 1s, a 
particular need to keep the age of recruitment low... '. While the fourth 
states simply of the need 'to improve the Image of the Industry' 
(lcn CIO. 
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Many factors concerning the problem of training and the Issueta of 
tichnical'-education remain partly obscured In current employers' thinking 
as their 'counterparts In the previous century. But In the new Situation, 
the tradesmen, no longer considered as threatening, have been substituted 
by another assumed potential block on total control of the labour 
process; professional engineering groups. 
Two specific EEP papers. Manpower In Industry(1976) and the 
submission to the Finniston Inquiry of 1980, support my contention here. 
10.8.0. 
The Federation clearly' holds a highly circumscribed view of the 
professional engineering institutional in effect relegating their function 
to the provision of a forum for their members. (EEF Submission to 
Finzi8ton (1079). The academic function of the Institutes, according to the 
employers, is overvalueds 
'... they should reduce or cut out their quasi-academic role and 
carefully consider offering membership Independent of academic 
qualification... (loc cit). 
This strongly resembles the employers' historical perspective on 
technical educationi A system of technical education will be 'tolerated' if 
It Is calculated not to intrude In the production process, I. e. not to 
Interfere with the deployment of man and nachinea, but to support the 
demands of current production. I put this proposition, not to suggest an 
employer conspiracy, but to underline the point that some powerful 
engineering employers have harboured a long-standing suspicion of groups 
capable of some kind of autonomy legitimized outside the workplace. such 
groups were perceived as inimical to total control In the 19th century in 
the case of the artisans. The Institution of Xechnical Engineers was 
founded In 1847, but it never represented a threat to employer control 
Of the labour process for accreditation by the Institution came much 
later In the century, and the managerial-technical function bifurcation 
was to become a 20th century phenomenon. 
The present situation In relation to 'professionals engineers appears 
analogous to the artisans' in the 19th century. Just as the ASE. in a 
senseo conferred skilled status on certain workers, artisans', the 
professional Institutes, confer professional status. 
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Such a system of credentialism contradicts a conception of control 
held by certain employers: , 
'Xembership of one of the professional institutions put little added 
value on a person ... ICEEF Submiss ion (1970)p. 4 1. 
The EEF added that there was no case for, 'licensing of engineers to 
practice their profession ... it would not be a practical proposition' (loc 
cit). 
Engineering employers evidently believed the existence of an 
accrediting, professional body outside the Industry, diminished their 
overall control of the labour process. Institutions anxious to promote the 
Interests of their particular engineering specialisms, were critical of 
the employers, poor response to appeals for technical training provision. - 
Professional engineering institutionst the Institute of Electrical 
Engineers especially, expressed dissatisfaction with the general level of 
trade training. In 1979 it argued that the failure of the engineering 
Industry to attract recruits was due to: 
'the poor, and in many cases a total lack of training (in the 
industry itself). -.. ' (New Scientlet, 25th Oct. 1979 p. 283). 
For ten years the HE had advocated a restructuring of education for 
engineers, and was Instrumental In the setting up of the most significant 
Inquiry Into education for engineering in recent times, the Finnistan 
Inquiry of igso. 
10.0.0. Thp Finnintnn TnQLLLry. 
Planiston(1980) held a quite different view of professional 
engineering Institutions, arguing, 
'We believe that the institutions are uniquely placed to promote 
awareness of development in engineering practice and now 
technology ... (and) ... the quality of assessment (of comptatenoe) by the best of them is extremely thorough and rigorous..., (paras 5.39,5.43). 
The'question of funding and the provision and lav*l of training provided 
by industry was raised again and regarded &a Inadequate, contrasting 
Unfavourably with the prai 
I ... it is generally inadequate both In 
proposals as to 
f inanced... I (p. 187). 
-tics an the Continent, UZ and Japant 
agreed that the provision of training was 
quantity and quality ... (and). -Ahere were few 
(suggestions for training) were to be 
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It concluded that industry should be 'responsible' for training(loc cit). 
Reference was also made to the ill-defined nature of local authority 
support, and implied that legislative provisions were still relatively 
unclear, 
'apart from oblique, references to inadequate training grants... 
(Para 5, p. 187). 
Continental Practire mnd PrItIgh Ind uritrim L Cul turn 
Finniston's comparative assessment points up the effect of the 
critical influence of engineering employers over the labour process in 
England; and highlights the singular developnent of Industrial nanagerial 
practice vis a vis foreign countries. Of the Continental countries it was 
argued; 
'. *. working practices were systematized, fornalized and written down... the companies concerned placed great Importance an these 
systems ... I(Ibid p. 40) 
It goes an to suggest that this approach to work organizations 
$may not accord with the British industrial culture which has 
traditionally emphasized personal freedaml(loo cit) 
This statement begs a number of crucial questions concerning the nature 
of freedom within the industry, and the processes whereby access to 
technical education and training has been systematically chanalled by 
employers concerned more with control than education. 
The Finnistan Report was again critical of the attitude of British 
employers, expressing particular concern over the nature and degree of 
links between the various branches of the education system and industry. 
The lack of interest shown by then In each stage of the education- 
Industry process was noted: 
'... the employers of engineers have been Insufficiently Involved in 
each stage, although they are the ones who inherit the product 
others have produced... ') IbId para 8.5). 
I have indicated in this study how I believe it to possible for such a 
statement to be made sixty years after Fishers President of the Board of 
Educatjoný said, 
'Up to thý present time technical Instruction has been organized 
from outside the Industries whose full interest and cooperation, it 
has never succeeding in securing ... '(Board of Education (1919)p. 11 
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10.10.0. 
A Pattprn for the Future! LosSonn Uftlammed? 
I believe my analysis has demonstrated that the Ideology of 
employers in the engineering industry has had a significant effect an the 
development of both technology and technical education. Embedded in this 
Ideology is a notion of technology generating a self-sustaining Impetus, 
behind which society trails. The employers' significant Influence In 
perpetuating such an Ideology is obscured. Employers In general would 
view with satisfaction the Implied techniclem In the conclusion of the 
Finniston Report: 
'The industrial society of the future hAn to adapt not just to the 
consequences of past changes but also to the enhanced rate of 
change which new technology Anti ltn adnption throughout the world 
are creating and will continue to create' (Finnistan, para 
6.2g, p. 158) (my emphasis). 
The current situation appears to confirm Finnistonla prediction in terms 
of the industrial society, implying workers, adapting to technology. In 
August 1989 the Secretary of State for Employment, Fowler, argued the new 
technologies, more advanced computers, and robots change the nature of 
Jobs and the demand for skills. Less skilled workers are not needed and 
the new technology is I ... increasing demand ... for people with 
higher level 
skills ... $(Employment Gazette, Aug 1989, p. 408) 
The reproduction of this skilled labour to to be the responsibility, 
not solely of government, but the familiar combination of government, 
education authorities, and employers. Of the latter Fowler, re-stating the 
established view, said, ICThey) should Invest In rt-training their own 
employees. s., (p. 406). In this capacity they are expected to be part of the 
main agencies for change in technical education and training, the now 
Training and Enterprise Councils (TECs), 'potentially the biggest 
revolution in training In our history ... I(Ibid) 
Throughout the country 00 TECa are envisagedo of which 19 have been 
approved to date. Clearly the nodal proposes a highly decentralized 
structure; serving local areas. It In anticipated that they will coordinate 
local organizations, becoming 'a focal point for improving the Integration 
Of vocational education, training and economic devolopment.. I(Ibid p. 399), 
But It is not clear, even with this latest Initiative, how employers 
are to be persuaded to embark on this development at this stage. It would 
seen old contradictions remain. On the one hand, the CBI argue In the 
same journal, 'Britain's workforce In undereducated, undortrainod and 
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underqualified ... 'Mocational Education and Training Task Forco', Ibid 
p. 402). On the other hand, the Seretary of State maintains, 'it is a far 
cry from the black days of the collapse of the apprenticeship system at 
the end of the 1970s to where we are at present. There are over 388 000 
young people in training ... 1(p. 408). 
Xost evidence points to the collapse of the apprenticeship system at 
the beginning of the century; the Secretary of State's reference appoara a 
91063 an a long-term decline, the origins of which I have examined in 
this study. In terms of the proportion of workers under training, the 
figures from the Gazette show that In 1989, the percentage of employees 
who are apprenticed in mechanical engineering trades is 1.9; other 
trainees account for 0.7 percent(Ibid, table 1.14, 'Apprentices and 
Trainees by Industry: Nanufacturing Industries') 
I believe the most recent evidence reaffirms government's deep- 
seated ambivalence concerning technical education. Throughout the period 
under discussion, it has seemed plausible for the State to assume that 
employers would assist in its funding and organization. It seems to me 
that further research Is needed to deepen understanding of the rationale 
underlying the State's apparent Inability to perceive the Implications of 
the employers, highly circumspect view of technical education. Ky study 
has attempted to show that part of such analysis Is the need to unravel 
the complexities involved in basing long-term projections for a national 
system of technical education while maintaining strict adherence to 
short-term economic policies. 
Government's failure to recognize the Interrelationship between now 
technologies and social and technical developments beyond Industry Is not 
examined In existing scholarship an the origin and development of 
technical education. xuch of this work embodies the belief that an 
explanation of the rise of technical education In 19th century England Is 
principally a question of its contribution to economic efficiency, and its 
Place as part of educational policy and reform. Xininun regard to taken 
of the ambiguities Inherent In economic 'short- term lam', so powerful in 
Victorian Britain. 
Focusing primarily an engineering employers I have shown that their 
transformation of work and critical redefinitions of skill accompanying 
the Implementation of new technologies In the 10th century has not been 
considered by successive governments as significant beyond the 
Immediate, instrumental impact an Industrial production. Since the late 
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19th century, there has been a failure In accounts of technical education 
developments to perceive the wider, social and technical inplications of 
transformed technologies. The reorganization of work was not merely a 
change of hardware and production techniques, but Involved a significant 
modification of the control of labour, and the Introduction of a radical 
Ideology of production. The essence of this Ideology was the 
decomposition of skilled labour and the deployment of now technologies 
premised an widespread use of cheap# unskilled labour schooled In a 
narrow range of low-level, conpany-specific skills. The decline of the 
traditional apprenticeship makes logistic sense against this background. 
If the traditional apprenticeship represented a form of technical 
education for much of the 19th century, Its decline symbolized for 
employers the Irrelevance of a formal, Institutionalized system of 
technical education. 
Radical technological Innovations developing from the 1850a had a 
profound effect an the way technical education was perceived by powerful 
employers; and the conflicts generated by work reorganization critically 
Influenced the structure and form of technical education fron the last 
decades of the 19th century. 
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APPENDIX I 
The Mpcb-qnfcal EncrinenrIng Induntry In the Lattnr HAlf 
nf thp Nineteenth egntury 
It has been argued that the combination movement In IuduotrLal 
enterprises in the final quarter of the nineteenth century affected only a 
small part of the entire range of British Industry [Payne C. L. 1067). One 
of the largest generaV engineering employers and a leading BEF spokesman, 
Sir Benjamin Browne, distinguished the large and small firms suggeGtIng 
as a criterion a company's ability to pay compensation: 'If you define the 
large and small employers -as men who can or who cannot pay heavy 
compensation claims without feeling then, I think you might say that more 
than two-thirds of the working class work for small employers. ' 
(R. C. an Poor Laws, 1909). 
Only two mechanical engineering two companies were represented 
In the top-fifty-two largest by 1905, Armstrong Whitworth and -Vickers 
Xaxinj which were ranked eleventh and sixth respectively (Payne, (1067), 
pp-527,5391 (18 of the top 52 companies were in brewing and distilling 
and 10 in textiles - revealing an emphasis an the manufacture of 
consumer goods and British strength , In textile production, (A 
comparative note suggests a different bias In U. S. manufacturing where 37 
companies of, the top 52 were engaged In capital or producer goods as 
distinct from 13 engaged in consumer products). I 
Figures for the compcx3ition of the machine tool Industry at this 
time are not available from any official sources. One study using 
unofficial sources shows a relatively slow growth In the machine tool 
Industry in the period 1870-1013 in terms of the number of firms 
actually engaged in, machine tool production. Using commercially produced 
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directories, Kelly's Directory of Merchants, Manufacturers and Tradets, 
published annually from the 1890s, Floud cataloguea this slow growth 
(Floud, R. (1976)]. Between 200 and 350 firms formed the Industry in the 
1870s and 1880s; between 350 and 450 In the early 1900s, before a 
decline to around 250 between 1910 and 1913. (Floud (1076) p. 323. 
In terms of size of the firms, statistics are also fragmentary; 
different assumptions concerning the constitution of the 'firm' generate 
different figures. Generally, l9th century machine tool building, was 
highly speciallsed and labour-intensive. Vorkfarce size In Individual 
companies in the leading machine tool companies appear fromý one 
autharity6s analysis. to be atypical for the mechanical engineering 
Industry as a whole. [Saul, S. B. (1987) p. 1581.1t was not uncommon for 
larger engineering companies to make their own machine tools. Sometimes 
these were also made to order for other engineering concerns. 
Between 1842 and 1910 the average company workforce engaged in 
machine tool construction in the U. K. was In the region of 650 persons. 
There were nineteen principal companies engaged In this line of work 
(see appendix -1 (a) attached), of which eleven 
had'500 or lose workers; 
and two with more than 1500 employees (Greenwood and Batley, and Herbert 
of Coventry (Saul (1967) p. 141. Another comparative figure night be 
Informative here. The American situation In the early 1900s points to a 
different structure, toward economies of scale. The Allis Chambers 
Company of Chicago employed 12,000 man In engineering In 1903. This 
figure was quoted by Barnes, the I. S. E. secretary who visited this plant 
as a member of an Industrial Commission In October- Docem bar 1902. (He 
referred in this context to the Armour School of Technology in Chicago 
which at the time had 1000 students In the School engagod in 
engineering). Mosely Commission (1903) p. 581 The Vestinghouse Company in 
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Pittsburgh had a permanent workforce of 0000 men; and the American 
Locomotive Company at Schenectady covered 62 acres and produced 35 
locomotives a week, with a workforce of 10,000. Mosely Commission (1003) 
p. 141 
A modern survey shows the predominance of the small engineering 
company In the sphere of general mechanical engineering In England. which 
would Include machine tool building. Of over 4000 conpanlea, 3528 
employed fewer than 25 persons; 44 employed between 400 and 999 persons; 
and 12 firms employed between 1000 and 1099 persona. There were 13 
companies employing more than 2000 persons by the 1960s. (Digest of 
Statistical Information (1071) p. 471- 
The most recent survey In this particular, field shows that the 
19th century trend of the small engineor-Ing firm has been maintained. 
The Engineering Training Board (BITB), the coordinating- body of technical 
training schemes in the engineering Industry since 1964, covered 24,800 
establishments. in 1981 it was reported that of there, 46.7 per cent 
employed less than 25 workers; only 2 per cent, of firms had more than 
1000 employees; but over 40 per cent of the labour force worked In this 2 
per cent of companies (Coombe Lodge Report, (1981), 13,14. 
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APPENDIX l(a) 
Principal Specialist Xachine Tool Xakers'in Britain 1840-1914 
Date lame Location Enployment 1013 
except when shown 
1842 Buckton Leeds 400 
1842 Xuir Xanchester 400 In 1804 
1852 Hulme Xanchester 300 In 1888 
1853 Craven Xanchester 1000 
1856 Greenwood & Batley Leeds 2000 In 1003 
1857 Kendall & Gent Xancbeater 400 
1859 Smith & Coventry Xanchester 500 In 1804 
1884 Cunliffe & Groozý Xancheter 200 In 1802 
1885 Asquith Halifax 200 4 
V 
1865 Dean, Smith & Grace Keighley 400 
1886 Stirk Halifax NIK, but certainly laaa 
than 500,1930s level 
1888 Butler Halifax 350 
1868 Archdale Birmingham 000 
1874 Lang Johnstone 700 
1660 Richards Xancheater 500 
1884 Parkinson Bradford 550 
1887 Halroyd Rocbdale 250 
1889 Herbert Coventry 1000 
1890 Vard Birmingham 650 
Sourcet S. B. Saul (1967) p. 158. 
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APPENDIX 2 
Terns of Settlement 1808 
GENERAL PRINCIPLE OF FREEDOX TO EXPLOTERS 
IN THE XAMAGEXENT OF THEIR WORKS 
The Federated Employers, while disavowing any intention of Interfering 
with the proper functions of Trade Unions. will admit no Interference 
with the management of their business, and reserve to thenselves the 
right to introduce into any federated workshop, at the option of tho 
employer concerned, - any condition of labour, under which any members of 
the Trade Unions here represented were working at the commencement of 
the dispute in any of the workshops of the Federated Employers; but, in 
the event of any Trade Union desiring to raise any question arising 
therefrom, a meeting can be arranged by application to the Secretary of 
the Employers' Local Association to discuss the matter. 
Nothing In the foregoing shall be construed as applying to the 
normal hours of work, or to general rises and falls of wages, or to rates 
of remuneration. 
NOTE. - No new condition of labour Is Introduced or covered by 
this clause. It simply providea for equality of treatment between the 
Unions and the Federation by reserving for all the members of all the 
Trade Unions, as well as for all the Federated Employers, the came 
liberty which many Trade Unionists and many employers have always had. 
Special provision is made In the clause and In the subcoquent 
'Provisions for avoiding future Disputes, ' to secure to workmen, or their 
representatives, the right of bringing forward for discussion any 
grievances or supposed grievance. 
1. Freedom of Employment. - Every workman shall be free to 
belong to a Trade Union or not as he may think f It. 
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Every employer shall be free to employ any man, wbetharý he 
belong or not to a Trade Union. 
Every workman who elects to work In a Federated workshop aball 
work peaceably and harmoniously with all follow employees# whether he or 
they belong to a Trade Union or not. He shall also be free to leave such 
employment, 'but no collective action shall be taken until the matter has 
been dealt with under the provisions for avoiding disputea. 
The Federation do not advise their members to object to Union 
workmen or give preference to non-union workmen. 
NOTE. - The right of a man, to Join a Trade Union If he pleases 
Involves the right of a man to abstain from joining a Trade Union If he 
pleases. This clause merely protects both rights. The Federation 
sincerely hope that a better understanding will prevent any question of 
preference arising In, the future, and advise the otabers not to object to 
Union workmen. 
2. Piecework. - The right to work piecework at present exercised 
by many of the Federated Employers shall be extended to all nembers of 
the Federation and to all their Union workmen. 
The prices to be paid for piecework shall b* Mod by nutual 
arrangement between the employer and the workman or workman who perform 
the work. 
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The Federation will not countenance any piecework conditions 
which will not allow a workman of average efficiency to earn at least the 
wage at which he is rated. ' 
The Federation recommend that all wages and balances shall be 
paid through the office. 
TOTS. - These are just the conditions that hav* been for long In 
force In various shops. Individual workmen are much benefited by 
piecework. 
A mutual arrangement as to piecework rates between employer and 
workman 'in no way interferes with the functions of the Unions in 
arranging with their own members the rates and conditions, under which 
they shall work. 
3. Overtime. - When overtime Is necessary the Federated employers 
recommend the following as a basis and guides- 
That no man rahall be required to work more than 40 - hours 
overtime in 'any four weeks after full abop bours bave been worked, 
allowance being zmade for time lost through sickness or abs*nce with 
leave. 
In the following cases overtime is not to be reatrictedý vizi- 
Breakdowns in plant. 
General repairst' Including abips. 
Repairs or replace work, whether for the employer or his 
customers. 
Trial trips. 
1 In reply to an inquiry ail to the Interpretation of this paragraph the 
employers' secretaries an 21st January, 18980 wrote to the general 
secretary of the AsE stating that the general note (appended to the 
explanations) which disclaims any intention of reducing the wages of 
skilled men 'applies both to time wages, and to piece-work earnings - in 
the latter case there is no intention of Interfering with the usual 
practice of making extra payment for extra effort. ' 
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It Is 'mutually agreed that In cases of urgency and emergency 
restrictions shall not apply. 
This basis is to apply only to members of the Trade Unions who 
are represented at this Conference. 
All 'other existing restrictions as regards overtime are to be 
removed. IýI 
It 'is understood that if nutually satisfactory to the Local 
, issociation of Employers and the workmen concerned$ existing practices 
regarding overtime may be continued. 
NOTE. - These overtime conditions are precisely the conditions 
now in operation In various placeso though in many Federated workshops 
no limitation whatever- exists at the present time. In many cases this 
will be the first attempt to regulate or prevent excess of overtime., - 
4. Rating of Vorkmen. - Employers shall be free to employ 
workmen at rates of wages mutually satisfactory. They do not object to 
the Unions or any other body of workmen In their collective capacity 
arranging amongst themselves rates of wages at which they will accept 
works but while admitting this position they decline to enforce a rule of 
any Society or an agreement between any Society and Ito members. 
The Unions will not Interfere In any- way with the wages of 
workmen outside their own Unions. 
General alterations In the rate of wages In any district or 
districts will be negotiated between the Employers' Local Association and 
the local representatives of the Trade Unions or other bodies of workmen 
concerned. 
TOTE. - Collective bargaining b4twReu the Unions and the 
Employeraf Assoclations is here made the roubject of distinct agreement. 
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The other classes simply mean that as regards the wages to be 
paid there shall be (1) Freedom to the employer; (2) Freedom to the Union 
workmen both Individually and In their collective capacity - thatle to 
say# collective bargaining In its true sense Is fully preserved; and (3) 
Freedom to non-unionists. 
These conditions are precisely those In operation at present on 
the Forth-East Coast,, the Clyde, and elsewhere, where for -years past 
alterations of wages have been amicably arranged at joint meetings of 
employers and representatives of the Trade Unions. 
Apprentices. - There shall be no limitation of the number of 
apprentices. 
NOTE. - This merely puts an record th* existing practice and is 
to prevent a repetition of misunderstand Ingo which have &risen In some 
carses. 
6. Selection, Training, and Employment of operatives. - Employers 
are responsible for the work turned out by their machine tools. and sball 
have full discretion to appoint the men they consider suitable to work 
them. and determine the conditions under which such machine tools sball 
be worked. The employers consider it their duty to encourage ability 
wherever they find it, and shall have the right to &elect, train, and 
employ those whom they - consider best adapted to the various operations 
carried an In their workshopso and will pay then according to their 
ability as workmen 
NOTE. - There Is no desire on the part of the Federation to 
create a specially favoured class of worknen. 
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PROVISIOSS FOR AVOIDIRG DISPUTES 
With a view to avoid disputes In future, deputations of workman 
W111 be received- by their employers, by appointment, for mutual 
discussion of questions, -in the settlement of which both parties are 
directly concerned, In case of disagreement$ the local Associations of 
Employers will negotiate with the 1=1 officials of the Trade Unions. 
In the event of any Trade Union desiring to raise any question 
with an Employers' Association, a meeting can be arranged. by applicalton 
to the Secretary of the Employers' Local Association to discuss the 
question. 
Failing settlement by the Local Association and the Trade Union 
of any question brought before them, the matter shall be forthwith 
referred to the Executive Board of the Federation and the central 
authority of the Trade Union; and pending the question being dealt with, 
there shall be no stoppage of worko either of a partial or a general 
character, but work shall proceed under the current conditions. 
NOTE. -A grievance may be brought forward for discussion either 
by the workman Individually concerned, or by him and his follow workmen, 
or by the representatives of the Union. 
In no instance do the Federated Employers propoGe conditions 
which are not at present being worked under by large numbers of the 
members of the Allied Trade Unions. 
The Federated Employers do not want to Introduce any now or 
untried conditions of work, and they have no Intention of reducing the 
rates of wages of skilled men. 
These conditions, with relative notes, are to be read and 
construed together. 
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It is agreed that there shall be a resumption of work 
simultaneously in all the workshops of the Federated Employers an Konday 
morning, 31st January, 1898. 
Parties mutually agree that the foregoing shall b* the terms of 
settlement. 
Source: VIGHAM, E. (1973) The, Power to Xanages' London, Appendix Do -pp. 
285-289. 
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APPENDIX 2(a) 
AGREEXENT 
Xade this 29th day of November, 1901 
between 
THE EIGINEERITO EXPLDYERSI FEDERATIOR 
(hereinafter called the *Federation") of the one part 
AND THE -- 
AXALGAXATED SOCIETY OF ENGINEERS, the STEAX ENGINE XAKERSI SOCIETY, 
and the UNITED XACHINE WORKERS' ASSOCIATION 
(hereinafter called the "Trade UnionsO) of the other part. 
It is agreed as follows. -- 
Employera shall notinterfore with the proper, functions 
of the Trade Unions, and the Trade Unions shall not Interfere with the 
X&nagemerit Enployers in the management of their bualness. 
Employers shall have the right to introduce into any 
Federated Workshop, at the opinion of the Employer concerned, any 
condition of labour under which members of the Trade Unions were 
working prior to, the date of this Agreement In, any of the 
workshops of the Federated Employers, and the Trade Unions shall 
have the right to bring forward for discuroalon any queation 
arising therefrom, as hereinafter provided for. 
Nothing in the foregoing shall be construed as applying to 
the normal hours of work, or to general rises and falls of wages, 
or to rates of remuneration. 
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Fre-Mm-m nf FmpInymnnt 
Every workman, may belong to -a Trade Union or not as he nay think f It. 
Every employer may employ any man, whether he belong or not to a Trade 
Union. 
With the desireýto secure, peaceable and harmonious, working In Federated 
Vorkshops, the Trade Unions will not - permit an the part of, their members 
any Interference with non-union workmen , nor countenance any objection 
to working with them. The Federation will, not permit of difference of 
treatment between union and non-union workmen In the ocurso of their 
work, and will not countenance their members objecting to employ union 
workmen. 
Employers and their workmen, have the right to work placework. The prices 
to be paid for piecework shall be fixed by mutual arrangement between the 
employer and the workman or workmen who perform the work, and the 
employers guarantee that they shall be such as will allow a workman of 
average efficiency- to earn at least his time rate of wagea, with 
Increased earnings for increased production due to additional exertion on 
his part. 
, The Federation will discountenance any arrangement or re- 
arrangement of prices which will not allow a workman to obtain Increased 
earnings 'in respect of increased production due to such additional 
exertion, and the Trade Unions will discountenance any restriction of 
output. 
ý, The Federation agree to recommend that all wages and balancea 
should be paid through the office. 
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7he mutual arrangement as to piecework rates between Employer 
and workman in no way interferes with the Trade Unions arranging with 
their own members the rates and conditions under which they &hall work. 
7he Federation agree to recommend that, when overtime in necessaryj no 
union workman should be called upon to work more than 40 hours overtime 
In any four weeks after full shop hours have been worked, allowance being 
made for time lost through sickness or absence with leave. 
In the - following cases overtime Is not to be reatrictod, 
viz: - 
Breakdowns In plant. 
General repairst including ships. I 
Repairs, or replace work. whether for the Employer or 
his customers. 
Trial trips. 
In cases of urgency and emergency, restrictions shall not apply, but the 
Federation will recommend its members to avoid excessive overtime. 
RatIncr Vnrkmen 
Employers shall have the right to employ workman at ratea of 
wagea mutually satisfactory to the Employer. and the worknan or worknen 
Concerned. 
The Trade Unions shall have the right to arrange with their 
nembers the rates at which they will accept work# but shall not interfere 
with the wages of other workmen. 
General alterations in the rates of wages &hall be negotiated 
between the respective Employers' Associations and the local 
representatives of the Trade Unions. 
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AppranticenThere shall be no limitation of the, number of 
apprentices. Ieý 
MannIng nf MAnhlnp Ton1r. 
Employers shall ý have full discretion to appoint the man they consider 
suitable to work all their machine tools, and determine - the conditions 
under which they shall be worked. 
Selention. TrAlning and Employment of Operativon 
Employers shall have the right to select, train, and employ those whom 
they consider best adapted to the various operations carried an In their 
workshops, and'will pay them according to their ability as workman. 
D1np1mr, PmPnt nf bibour, 
The Federation recommend their members that when they are carrying out 
changes In their workshops which will result In displacement of labour, 
consideration should be given to the case of the workmen who may be 
displaced, with a view, if possible, of retaining their services on the 
work affected or finding other employment for then. 
Prnv1n1nnn for-Ayniding Disputan 
Vith a view to avoid disputes, deputations of workman shall be received 
by their employers, by appointment, for mutual discussion of quastiona in 
the settlement of which both parties are directly concerned. 
In case of disagreement It shall be competent for either party to 
refer the question to a conference to be held between the Local 
-Association of Employers and the Local RepMentatIves of the Trade 
Unions. 
In the event of either party desiring to raise any question; a 
Local conference for this purpose may be arranged by application to the 
Secretary of the Employers' Association, or of the Trade Union concerned, 
as the case may be, Local Conference shall be hold within twelve working 
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days from the receipt of the application by the Secretary of the 
Employers' Association or of the Trade Union or Trade Unions concerned. 
At Local Conference, Xembers of the Executive Board of the 
Federation and Xembers of the Central Authority of the Trade Union or 
Trade Unions nay be present, In addition to the local representatives. 
Failing settlement at a Local Conference of any question brought 
before it, It shall be competent for either party to refer the matter to 
the Executive Board of the Federation and the Central Authority of the 
Trade Union or Trade Unions concerned. 
Central Conference - which shall be cozopmed of Xembers of the 
Executive Board of the Federation and Xembers; of the Central Authority of 
the Trade Union or Trade Unions concerned - shall be hold within twelve 
working days from the receipt of the application by Secretary of the 
Employers' Association or of the Trade Union or Trade Unions concerned. 
Until the question has been discussed In Local and Central 
Conference, there shall be no stoppage of worko either of a partial or of 
a general character. but work shall proceed under the current conditions. 
Provisionally accepted. 
R. SIICLAIR SCOTT, H. E. P. 
Chairman. 
A. W. GOLIGHTLY, 
(A. S. R. ) 
Vice-Chairman 
GEO. 1. BARNES 
JAKES SWIFT S. R. X. 
XATTHEW ARRANDALB 
SOURCEj Engineering Employers Federations Xinute Book, No. 2,1809-1904. 
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APPENDIX 2(b) 
AGREEXENT, 
nade this Twenty-second day of Xarch, 1907. 
between 
THE ENGINEERING EXPLOYERS' FEDERATION (hereinafter 
called "The Federation*) of the one part. 
and 
THE AMALGAMATED SOCIETY OF ENGINEERS, THE STEAM ENGINE - 
MAKERS' SOCIETY, AND THE UNITED MACHINE WORKERS' ASSOCIATION 
(hereinafter called *The Trade Unions") an the other part 
The Representatives of the Engineering Employers' Federation 
on the one hand and of the Engineering Trade Unions an the other 
being net in joint Conferenceo and being convinced that the 
Interests of each will be best served and the rights of each 
best maintained by a mutual agreement, hereby decide to adopt 
Xeasures to avoid friction and stoppage of work. 
IT IS THEREFORE AGREED as follower- 
General Pring-jpIng of Emplayment 
I. The Federated Employers shall not Interfere with the proper functions 
Of the Trade Unions and the Trade Unions shall not Interfere 
Interfere with the Employers In the management of thair business, 
2. Pnpigyngnt nf wnrigngn 
Every Employer may belong to the Federation and every workman -may 
b8long-to a Trade Union or not as either of them nay think fit. 
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Every Employer may employ any mans and every workman may take 
employment with any employer the workman or the Employer belong or not 
to a Trade Union or to the Federation respectively. 
The Trade Unions reconmend all their Kembers not to object to 
work with Yon-Union workmen, and the Federation recommend all their 
Xembers not to object to employ Union workmen on the ground that they 
are Xembers of a Trade Union. 
To workman shall be required as a condition of employment to 
nake a declaration as to whether be belongs to a Trade Union or not. 
Piecework 
Employers and their workmen are entitled to work ploceworko providodi- , 
(a) The prices to be paid shall be fixed by mutual arrangement, 
between the employer and the workman or workmen who perform 
the work. 
(b) Each workman's day rate to be guaranteed IrrespectIvely of 
his Piecework earnings. 
(c) Overtime and Nighshift allowancea to be paid In addition to 
piecework prices an the same conditions as already prevail In each 
workshop for tine work. All balances and wages to be paid through the 
off ice. 
41 Overtlynn 
The Federation and the Trade Unions are agreed that systematic overtime 
113 to be deprecated as a method of production and that when overtime is 
necessary the following is mutually recommended as a basis, vIz: - 
I That no Unions workman shall be required to work more than 32 
hours overtime in any four weeks after full shop houra have boon workedi 
allowance being made for time lost through sickness, absence with leave, 
or enforced idleness. 
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In the following -cases, overtime Is not to-be restrictedt- 
, Breakdown work, repairs, replacements or alterationa for 
the Employers or their customers. 
Trial-trips and repairs to ships. 
Urgency and emergency. 
5 Ratlne nf SkIlIM Vorkmpn 1 4'1 
Employers have the right to employ workmen at rates of wages 
mutually satisfactory to the employer and the workman or workmen 
concerned. 
In fixing the rates of skilled workman, the employer &hall have 
regard to the rates prevailing In the District for fully-trained and 
skilled men. 
Unions, while disclaiming any right to Interfere " with the ý wages 
of workmen other than their own Xenbera have the right , in their 
collective capacity to - arrange the rate of wages at which their Xembera 
nay accept work. 
- General alterations in the rates of wages In any 'district shall 
be negotiated - between the Employers' Local Association-aud the local 
representatives, of the Trade Union or Unions concerned. 
a. 
ý- 
ApprentIcen 
There rahall be no recognised proportion of apprentices to journeymen, but 
it shall be open to the Unions to bring forward for discussion the 
proportion of apprentices generally employed in the whole Federated area. 
- An apprentice shall be afforded 
facilities for acquiring a 
practical knowledge of ý the branch of trade he adopts, and chall be 
encouraged, to obtain a theoretical knowledge thereof an far ae 
circumstances permit. 
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nnel mf nn,, rti,., m- 
Employers have the right to select. train and employ, those whom 
they consider best adapted to the various operationa carried an In 
their workshops and to pay them according to their ability as workman. 
Employers in view of the necessity of obtaining the most 
economicalý production' whether by skilled or unskilled workman$ have full 
discretion to appoint the men they consider suitable to work all their 
machine -tools and to determine the conditions under which they &hall, be 
worked. 
The Federation recommend their Xembers that, when they are 
carrying out changes in, their workr-hope which will, result In displacement 
of labour, consideration should be given to the case of the workman who 
may be displaced, with'a views if poGsIble, of retaining their servicaa on 
the work affected, or finding other employment for them. 
8. Prnvlninnn for Avoiding DISPutea 
With a view to avoid disputes, deputations of workmen &hall b* 
received by their employers, by appointmento for mutual discussion, of any 
question in the settlement Of which both parties are direcIty concernedt 
or It shall be competent for an official of the Trade Union to approach 
the Local Secretary of the Employers* Association with regard to any such 
questiont or it shall be competent for either party to brlngýthe question 
before a, Local Conference to be hold botwean the Local Association of 
Employers and the Local Representatives of the Trade Unions. 
In the event Of either party desiring to raise any qucation a 
Local Conference for this purpoGs may be arranged by application to tho 
Secretary of the Employers' Assocation or of the Trade Union concernod as 
the case may be. 
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Local Conference shall be held within twelve working days from 
the receipt of the application by the Secretary of the Employers' 
Association or of the Trade Union or Trade Unions concerned. 
Failing settlement at a Local Conference of any question brought 
before it, It shall be competent for either party to refer the latter to 
the Executive Board of the Federation and the Central Authority of the 
Trade Union or Trade Unions concerned. 
Central Conferences shall be held at the earlitat date which can 
be conveniently arranged by the Secretaries of the Federation and of the 
Trade Union or Trade Unions concerned. 
There shall be no stoppage of work, either of a partial or of a 
general character, but work shall proceed under the current conditions 
until the procedure provided for above has been carried through. 
9. Conntit"Unn nf rnnferennnn 
An Organising Delegate of the Amalgamated Society of Engineers 
shall be recogulsed as a Local Official entitled to take part In any Local 
Conference, but only in his own division. In case of sickness, his place 
shall be taken by a Substitute appointed by the Executive Council. 
Any Member of the Executive Council or the General Secretary of 
the Amalgamated Society of Engineers may attend Local Conference, 
provided that the Member of the Executive Council shall attend only such 
Confereucw as are held within the division represented by him. 
A Member of the Executive Council or the General Secretary of the 
Steam Engine Makers' Society and of the United Machine Workers' 
Association respectively nay attend any Local Conference In which the 
Societies or either of then are directly concerned. 
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Central Conferences shall - be comporsed of Xembers of the 
Executive Board of the Federation and Xembers of the Central Authority of 
the Trade Union or Trade Unions concerned. 
An -Employer who refuses to employ Trade Unionista will not be 
eligible to sit In Conference. 
Signed on behalf of: - 
Tbp Rntrinparing Employern7gdaratInrit- 
"A. P. HENDERSON", Chairman 
"ALLAN M. SXITH, for Secretary. 
Thp AmSIZAMAtM Sgclaty of Enrin"m 
"DAVID GARDNER",, Chairman. 
*GEORGE N. BIRIES"o Secretary. ý 
The Stpam Fna-Inus Makeral Society: - 
"HENRY DAVIES", Chairman 
"M F. DAWTRY0, Secretary. 
Thf-z UnItp(i Mme-hirm% Vnr1rpr-g' Ansmnintinn. - 
"WILLIAX KEXBLEO, Chairman. 
OXITTREW ARR11DALE", Secretary. 
SOURCEt Engineering Ezoployeral Foderation, Xinuto Book. No. 3l 1907. 
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APPENDIX 3 
Xachine Tool Classification 
Xachine Tools nay be classified according to the nature of the cutting 
action imparted to the work by the cutting tool of the machine. One 19th 
century authority simplified the classification and reduced the various 
cutting actions to shearing; paring, scraping. tRanklue. V. J. XcQ. j (1878)1 
Spon's Dictionary of Engineering (1874)) The first designation Implied a 
basic guillotine action, the second was based an the principle of a wedge, 
and the third, literally the removal of excess material by a process of 
scraping by hand. A more elaborated classification from America 
Introduced a five-fold typology in which machines for shaping and fitting 
metal were said to act by: (a) compressing (b) shearing (c) paring (d) 
milling (e) abrading or grinding. (Hutton, F. R. (1883)] 
Those tools which act by paring (c), were the nost common in 
the workshops and more relevant to this study, and may be divided Into 
two classes. The first Includes those In which the relative motion of 
the tool and work Is circular or spiral. These can produce surfaces of 
revolution such as cylinders, and Include lathes, drills, and baring 
machines. Lathes have a wide number of variations but a broad distinction 
nay be drawn between the plain centre-lathe, a machine tool designed for 
the 'One-off' Job capable of use with a wide range of fixtures and 
attachments; and semi- or fully automatic special lathes. The principal 
variants in semi-automatic lathes, were Capstan and Turret latheso which 
may be regarded as modified contra lathes embodying permanent fixtures 
suitable for batch and mass production work. (A modern standard 
classification of machine tool type categorizes 120 lathe types Including 
10 kinds of turret lathe; 55 kinds of contra lathe; 10 toolroom lathes; 28 
MUlti-tool and production lathes; 10 camshaft latboal 13 specialist 
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machines (relieving, wheel turning, profiling, gun boring); 25 screwing 
machines; plus 18 types of automatics ranging from 'Swics typea up to 
5nm. capacity; and 8 different capstan or ram type nachinos. [Xiniatry 
of Supply (1950)] 
The second group of machines which cut by paring Includes 
those In which the relative notion of the tool and work Is rectilinear. 
These will produce plain surfaces through the use of planers, shapers. 
and slotters; and also 'curved surfaces 1. (Hutton (1883) p. 751 
Milling machines (d), may be described as a class of machine 
tools in which metal was removed by causing the work to be moved against 
a revolving cutting tool, called a milling cutter which could ýbe mounted 
horizontally or vertically, and which had several cutting edges. $The 
typical feature of the - milling operation Is the fact that the rotating 
tool (the milling cutter) has a number of cutting edges each of which 
works over only part of its rotary path and travels over the remainder 
without cutting. ' (Koenisberger, F. (1962) p. 1161 The fIrGt English 
application of the milling machine an a production toolo which tended to 
rival the longer-established shaping machine which worked in the 
horizontal plane, was at the re-modelled Enfield Armoury In the late 
1850s. One hundred of these early machines were ordered from an 
AmerIcan Company, Robbins and Lawrence of Vernon, to Increase the 
production of gun locks at Enfield. (Hollingum (1976) P-1903 The first 
'universal' (or modern-type) milling machine was produced by the Imerican 
Company, Brown and Sharpe, in 1862. It did not f Igure as a standard 
production, or specialist tool, in England until come time laterl and was 
not listed in the tool catalogues in the 1800s. The leading engineering 
Journal, The Engineer, did not publish a detailed description of the 
nilling, machine until 1864. (Hollingum - (1976) p-192). 
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The grinding machine (e), comprises a wheel head or 'abrasive' 
wheel, and revolving wheel spindle an which the grinding wheel is mounted 
and either a work head and revolving work spindle, or a reciprocating or 
revolving work table. The wheel and Its spindle revolve Independently of 
the work. and the wheel bead may be controlled by a traverse feed. an 
Infeed, or both, These machines could be used for grinding Internally 
and externally; round section material or flat. Until the appearance of 
Brown and Sharpe's first commercial grinding machine In 1864, the 
technique was used entirely for correcting or 'truing up' steel parts 
Which had been distorted by the hardening process, although an article 
appeared In The Engineer of 25th April 1850 showing a machine for 
grinding or polishing circular saw plates. [Hollingum (1970) p. 1931 There 
parts used for example an the sewing machine. the bicycle (both new 
maras-produced high consumption articles) and other devices requiring 
hardened steel parts of high precision were machined 'slightly over-size, 
hardened, and then ground to final size and finish with very light cuts 
taken on the simple grinding machine used In the period. ' (Woodbury, R. S. 
(1967) p. 8311. 
However, Brown and Sharp developed the grinding machine into a 
more general purpose tool more compatible with an expanding technology 
fOrmt I. e. one designed to increase production and depress costa. The 
changed conception involved a departure from the grinding machine used 
for correcting operations on hardened components to an Integrated 
production process based an the 'roughing' lathe (A technique developed 
and advanced by F. V. Taylor In his cutting tool research during the eame 
and subsequent period). The logic of rationallsed Integrated production 
techniques characterised by Brown & Sharpeal tool developments also 
demonstrated the Interrrelation between machine tool developmente and 
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Significant findings in cutting tool research, such as those at the 
Bethlehem Steel Works and elsewhere under F. W. Taylor. 
'... the demand for an increased accuracy In machine construction 
In general ... call(s) for machines which are better adapted to 
produce uniform surfaces and accurate work than the lathe and 
the planer of' the past ... The only successful field which seems 
open to us .. is to use the lathe as a roughing tool, or machine to bring the work approximately to the desired size, then to 
finish by grinding with every wheels an a suitably designed 
machine ... (and) in duplicating parts of small machinery on the Interchangeable system, such as sewing machine shafts, needle 
bars etc. they are unexcelled. ' (Brown 6 Sharpe (1801), p. 91 
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APPERDIX 4 
Screw Thread Production 
The William Sellers Company of Philadelphia conducted research an the 
technical difficulties associated with screw thread production and -by the 
late 1850s had developed'a screwing machine In which *The screw thread 
(was) cut In a single operation and the finished bolt was released by the 
Withdrawal of the dies, the machine being driven continuously In one 
direction without reversing or stopping'. (Stewart, C. P. (1861), p. 2311 
An original factor in this development was that It embodied a semi- 
automatic principle in a complex machine tool operation, and, 
significantly for management enabled machine screw cutting ý to be 
accomplished at speed, without the necessity of employing highly skilled 
labour. 
'rhis ... machine has the advantage of rapidity of action, 
producing a perfect thread In one running up ... In the ordinary 
screwing machines the screw had to be run up three times to make 
a good thread, which with three times of with-drawlng made six 
times altogether for a screw to pass through the machine; in 
addition the time of stopping and reversing the ordinary 
machines was entirely saved In the new one, the machine running 
constantly in the same direction. ' (Stewart (1861), p. 2353 
The Sellers Company also advocated the adoption of a standardised Gcrew 
thread system for the United States, and eventually the American 
Mallers') threads incorporating a form angle of 600 )#became standard 
practice. (Anderson, J. (1887), p. 3721 (the English system developed by 
Vhitworth was 5501. 
Xachines approximating to American Specifications were in,, uGe in 
the U. K. at least by 1858. ()as machine was producing nearly 1,000 bolto 
per day, *0 diameter with 11 inches of thread as against, 500 per day of 
104 hours, W" dia., with 114 inches of thread when cut by 'hand' machino 
I-e- by the conventional method. (Stewart (1861), p. 2351 This level of 
production had nearly trebled by 1884 through the developnent of re-olid, 
cOllapsible dies (i. e. the thread-cutting element - the dies - collapced 
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or sprung open releasing the work at the end of the cut); and further 
refinements, such as chip clearance (removing surplus metal from the 
component after being machined) and stock releasing through automatic 
'Jaws'. (Sellers (1884), p. 61 
The standard machine tool in use before the Sellers' research 
was a bolt screwing machine capable of# more or lose, continuous 
production *arranged so that the machine need not be stopped to fix and 
loosen nuts ... I (Buchanan, G. (1864)] A more sophisticated English machine 
was a self-acting stud (a 'headless bolt' threaded both ends) and 
screwing machine Incorporating a semi-automatic principle, a capstan rest 
to carry sjxýtools Instead of the normal slide rest. (Whitworth Catalogue 
(1882) p. 2][The Capstan was a hexagonal 'head' mounted an a short slide 
04 the lathe capable of carrying a variety of cutting and grinding tools 
On each of the six faces which could be automatically brought in to 
cutting position by the rotation of a wheal mounted an the front of the 
machine]. 
American developments in screw cutting generated machines 
capable of producing bolts of the above dimensions at the rate of nearly 
3,000 per 10 hour day, with 2 inches of thread, using unskilled labour 
(Sellers (1884) p. 611 a process that was further developed. For example, 
tests carried out by the wiles Tool Vorka Indicated that work requiring 
30 hours an conventional lathe screw cutting could be accomplished in 616 
hours on a speciallsed screw machine. 'It In enough to say that = 
racrew YnAnhina will tin work whinh ljould requIrn thren inr fnur gnill 
lAthpno and that the work Is unfinrin in CYCO11"Dinn ... these machines are 
Uz-hy tingkillAd non. the care and setting of the tools, of course, being 
confined to a skilled man. ' (Niles Tools (1891) pp. 41,55MXy emphasis). 
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APPENDIX 5 
Manhine Tnol DAnIgns In Use in the NInatt-nnth Cent= 
One Of the primary and most versatile machines of the period was the 
baring mill or vertical lathe; these machines were normally distinguished 
by the rotation of the work and the tool. They represented one of the 
range of tools developed for what might be described as an Increasingly 
complex configuration of engineering tasks. 
'A lathe would be a tool when the work revolved while *the tool 
has only linear notions, while a boring machine would be one In 
which the work was stationary and a cutting tool described the 
surface of revolution. ' (Hutton, F. R. (1883) p. 731 The vertical lathe or baring mill was, In fact, a lathe, and an 
Outstanding high production machine as far as management was concerned; 
It was capable of taking large diameter work located In the horizontal 
plane; and relatively high cutting speed were attainable. By the 1900a 
locomotive tyres, 42 inches diameter could be turned orn such a nachine at 
the rate of 25 pairs in less than 8 hours. A detailed breakdown of, this 
specific production process Illustrates the revolutionary nature- of 
machine tool technology in the period spanning the centuries. A leading 
American machine tool company, the Niles-Beizent-Pond Co. recorded that 25 
Pairs of 3160 diameter wheels were machined In 7 bra. 54 nine. with one 
operator and one helper; the average time for turning was 19 mins. The 
Operations were divided as follows) 
Average time putting wheels an lathe 2 nine. 53 sacs. 
roughing (i. e. taking roughs heavy cuts 
where finish is not critical) 9 nine. 26 socs. 
finishing (lighto smoothing cuts to BIZO) 5 nine. 24 
secs. 
taking wheal out of latbe I nin. 17 s4rce, 
Total TIM410 Minn. 
Cutting conditions: Depth of cut 5/101n.; feed 13/32 In. 1 apeed 16ft. per 
Imirk. (Calder, J. (1910) p. 9591 
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The vertical lathe figured largely in cutting trials conducted by 
the American engineer, F. V. Taylor, In the period from 1880 to 1903. 
(Taylor, F. V. (1908)] The developments In machine tool production &rising 
out of Taylor's work seem to no to stand beside Xaudslay's seminal work 
all the Slide Rest in aiding managements' attempts In the decomposition 
Of skills. 
Another versatile machine was the horizontal boring machine, a 
machine tool having a movable work-table and a rotating baring heads the 
component carrying the cutting tool. The work-table to mounted an cross- 
elide# supports, Iways', which are fixed to a 'saddles. The saddle slides 
On the base or 'bed' of the machine heavy-sectioned work and required 
high degrees of skill In 'setting up's the process of accurately locating 
and gripping the workpiece preparatory to nachining, and also In tool 
maintenance and control. In the 'steam engine' period it was tho machine 
used for baring out the large cylinders for these and similar kinds of 
engines. 'Baring Is .. most difficult to 
do for the action of the tool 
cannot be watched as in turning ... ' (Spon's Dictionary (1873) p. 23221 By 
the early 1900s a systematised managenent-constructed work sequence on 
this type of machine could look like thiss 
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Xachine Handling Time for Bette Horizontal Boring X111t 
-------------------------------------------------- ------------------- 
------------- 
Total Handling Time for Turning Table End for End 
....................................... 2.41 nins. 
Xing. 
Take of two bolts 5/8 x40.38 
Valk six feet 0.05 
Take off other two bolts Sx40.38 
Take out key 0.04 
Turn table end for end 0.38 
Put In key 0.04 
Put an two %x4 bolts and tighten 0.52 
Walk six feet 0.05 
Put an other two bolts Vx4 and tighten 0.52 
Walk six feet 0.05 
TABLE I (Hathaway, H. K. (1014)) 
--------------------------------------------------- 
------------ 
Total Handling Time for ................................ 
--------------------------------------------- --------- 
------------ 
Moving Spindle forward (2in) 0.08 
Noving spindle back (21n) 0.08 
This time Includes going after helper 
Xove end support back 2 ft. 
Helper not at machine 2.35 
Xove end support forward and tighten (2ft. ) 
Helper at machine 0.80 
XOve auxiliary table forward (21n. ) 0.26 
XOve auxiliary table back (21n. ) 0.29 
Raise table, Includes loosen four 4* x4 
bolts, start machine, raise and tighten 1.60 
Lower table, Includes loosen four 41 z4 
bolts, start machine, lower and tighten 1.60 
Total time 6.34 mins 
TABLE B (HathawaYt H- K- (1014) p. 5381 
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Evidence suggests that management' favouring this kind of work 
sequence perceived - the traditional type workshop organization, under 
which the workman was responsible for the method and pace of work, as 
Inefficient both In terms of production rates and unit costs. The object 
Of fast-working, machines and accurate tools of the 'new' type was to save 
hand labour. It follows that some employers of engineering labour would 
systematically equip workshops with at least some of the most accurate 
machine tools specifically designed to promote more 'productive, use of 
labour power. Engineering management made more extensive use of capital- 
Intensive technology such as fixtures, and Jigs for developing the range 
Of machines such as the universal mill, engine lathes (i. e. Power driven), 
ahapers, boring machines, drills and grinding nachines. [Orcutt, (1902) 
p. 381 These machines, if of the best calibre, In terns of consistent 
performance and accuracy, formed the basis of what was terned the *tool- 
rOOm'# where I... none but machines of the highest accuracy should be 
allowed-' (Orcutt (1902) p. 311 The 'tool-room' concept was a relatively 
late development and may be said to derive from studies concerned with 
management skills generated by Taylor, Gilbreth and their acsoclates In 
the 1880s. For the purposes of outline the following range of nachines 
may be considered more or less standard In a nechanical engineering 
workshop in the period 1860-1910. 
Using a typology from Acherkan. M1967)(pp-14,151 In addition 
to those'already referred to the c0220a machines may be categorlred as 
follows, All machine tools are divided Into nice main groups depending 
Upon the type of processing operations they perform or the tools they 
employ. Additionally, each main group is further divided In nine 
subgroups (types) 'characterizing the specific purpose of the machine 
tOOlo Its construction arrangement, degree of automaticity or the type of 
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cutting tool employed. ' (Acherkan, p. 141 The nine-told typology and Its 
variants are based on modern machine tool developments and do not 
necessarily reflect the level of Victorlan nachine-based engineering 
practice; 'it does-however, provide a guide to the principal zoachine tool 
forms developing in the period. 
The groups are as follows: 
Group 1 Lathes, Including semi-automatics; vertical turning and borlog 
nills; turret lathes#. 
Group 2 Drilling and boring machines, Including upright drill pressets 
(drilling nachines)i jig borers; radial drills (In which the drill 
can be moved -over the work an a 'radial arn' to any dealr*d 
position, so, that a large number of holes nay be drilled In the 
workpiece without moving 1041 baring nachineis; horizontal 
drilling machines. 
Group 3 Grinding machines, including cylindrical grinders. - Internal 
grinders; tool and cutter grinders; surface grinders - (all 
available from the 18808) 
Group 4 Combination nachinese including general purpose nachiness semi- 
automatic machines; automatic machiries. 11 
Group 5 Gear- and thread-cutting machineso Including shapera and planers 
for spur gears (the conventional gear tOOth shaps)j gear and 
thread grinders. 11 
Group a XillIng Xachines, Including vertical knee type Milling nachine 
(in which the spindle axis, the component carrying the cutter, Is 
vertical and the table Is movable longitudinally on a roaddla and 
vertically together); horizontal knee 
§Avallable as standard production maebinea at least by 1804 (Descriptive 
List of 
General, Xachinery, 0. Buchanan & Co. ) 
41A development characteristic of the 1880s. 
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type milling machines; fixed-bed and planer milling machines (for 
work requiring heavy cuts). 
Group 7 Planers, shapers, slotters, Including open-side planers (machining 
through 'free-access' on side Of tbO Machine); Ghapers; clatters, 
'The term planing is or may be applied to all ý tools with 
rectilinear movement, for producing planes or other work 
performed in - straight lines. Shaping and slatting machines 
belong to the same class. 1 (Spon's Dictionary (1873)) (The last 
named machine operates in a vertical plane via A via the other 
two which are always horizontal In operation). 
Group 8 Cutting-off machines, Including saw-cutting nachineca; power 
backsawing machines; cutting-off lathes (specially-tooled latbea 
for cutting, bars to length). 
Group 9 Xiscellaneous. Acherkan's classification Includes modern 
developments such as tool-testing machinea; dividing machines, 
balancing machines. As these were relatively late In the period 
covered (Taylor's work an tool testing In the 1860a excepted), it 
would seem more appropriate to Include under this head game of 
the catalogued machines characteriaing the Victorian period. 
The London-based company 0. -Buchanan, for example, manufactured a range 
of the conventional tools, apart from a specialised range, which Includedt 
Nut-shaping machines, capable of machining nutso abaft ends up to 6 in. 
diameter, operating an two aides of the nut simultaneously. Plate banding 
machines taking work up to 10ft. wide; plate planing machines, I ... a Very 
powerful machine for planing edges of Iron plates for shipbuilding. ' 
(Buchanan, G. (1864)] Hydraulic pressoo; bar sawing machines, fitted with 
two circular saws 316" dia. to cut bars 7ft. to 24ft. longj crank axle 
lathes, to turn two wheals at once up to 4ft. dia. 1 slotting machines for 
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locomotive frame platest with bed (base) 24ft. long, ctroke (length of 
cut, in this case, vertical Istroks')i to admit articles 4ft. wide; with two 
cross-slides and refinements, for example, a self-acting longitudinal rack 
motion (implying the cutting head (or ram) was driven by gears, and 
self-feeding after each stroke). Other special tools were In uroe,, their 
nature reflecting , the dominant Influence of railway engineering and 
shipbuilding in the development and marketing of machine tools. Sponla, 
the authoritative engineering reference of the period, alao catalogueet 
Xultiple drilling machines (f or drilling a nuzaber of balsa 
simultaneously) 1 compound planing machines for connecting rods. This 
latter machine Incorporated four tools acting at once, quadrupling the 
work of an ordinary machine. Axle lathes for turning the bearings and 
wheal fits on railway axles; hydrostatic wheal presses, for forcing an or 
off the wheels of railway cars. 
By 1887 some employers focusod an both conventional machine 
tool and fitting operations in order to extend control over the work 
process, and especially basically craftsman-dominated skills as 
exemplified in shipbuilding. At this time electro-nagnetto tools for 
rivetingo drilling, tapping (generating Internal threads), caulking (making 
JOirits water-tight), were Introduced. The application of these tools and 
the rationalisation of their introduction seemed to be based loam an 
technical or mechanical efficiency than an the facility they afforded 
management in furthering control over coats and production rates. 
I... Until now the shipbuilding Industry has been to a great 
extent controlled by the tradea union of riveters, to that 
employers of labour have been unable always to regulate the coat 
of work as affected by the rate of wages or by the speed at 
which the work was completed ... It Is of great importance that 
they should possess such a means of controlling both the coat of 
the work and the rate of construction ... as is furnished by these electro, - magnetic nachinea. [Rowan, P. J. (1881) pp. 330,331) 
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The critical mechanical function of these tools was their operating 
nobility; they could be clamped to the side of - iron and steel work in any 
Position, - offering a-, more, flexible operation function than, the more 
traditional, static procedures. The, generalisation of the Principles 
underlying this type of development waa alea linked to bonus or premium 
systems of - wage payments that were Introduced from the 1880s, Including 
the shops where the above electrcr-magnatic machines were developed. 
(Rowan, F. J. (1901), p. 884 et seq. ] -The Ideology of workshop production 
embodying these new technologies was expressed in clear terms I... the 
system (premium system) provides an adnirable, ch*ck upon any excessive 
rise In wages cost, as ý each -contributory cause becomes apparent, and can 
be investigated the moment It arises and suitable means taken to prevent 
a recurrence in future. (Rowan (1001) P-885)- I 
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APPERDIX 8 
Preparatinn nnd CuttinX Sequence nf Metal-Cuttlnr Tnoln 
A brief, outline of the geometry of metal-cutting tools and, the cutting 
sequence of a, machine tool operation will Illustrate the significance of 
this process for anýanalysis of methods of increasing Intensity of labour 
In a machine shop. - 
In order to remove surplus natal from the material being cut, the 
'stock's the, cutting tool is f Irst forged by the machnist and then ground 
(shaped to size using -a standard grinding or emery wheel) to produce the 
necessary cutting angles. These (Spon's Dictionary (1873) p. 29213 Those 
angles vary according to the material being cut and the tool compoaition; 
In ths'period up to the late 1880a this tool material was known as plain 
carbon steel (The composition and metallurgical properties of this natal 
had a critical bearing-on the rate at which various metals could be cut 
(see appendceis 6-8) - the standard tool-prepa ration rule, of the period 
was that the harder the material being machined, the greater the wedge 
angle and the smaller the clearance angle). The machinist was responsible 
for forming and maintaining the correct angles an the cutting tool; the 
primary objective was to keep the tool edges sharp enough to slice 
through the metal, with a wedge angle sufficient to provide strength, and 
a minimum of clearance to prevent undue overheating fron friction duo to 
the Cutting forces, 
In general, it may be notedo that the toughneast tenacity, and hardness 
of steel increase with the quantity of carbon it contains, I... but good 
steel never contains graphite ... iron with leas than 0.85 per cent of 
carbon is wrought iron; from that to 2.3 per cent of carbon forms steall 
and, when the quantity of carbon Los larger, the natal to considered cast 
iron. $ (See appendix 6b, 60 Further analysis of thece features of the 
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cutting tool process is undertaken below; two basic variables will be 
Considered at this-point. 
Apart from the cutting tool angles, two other critical metal-cutting 
variables were initially determined by the machinist, the depth of cut 
(the amount of penetration Into the workplece by tho'cutting tooDo, and 
the feed rate (the amount the tool travels per revolution or Opasol). 
Once these variables had been determined. the depth of cut (which depends 
Upon material being cut and the cutting tool material) was applied, often 
by use of a micrometer wheel, and an appropriate feed rate through the 
Self-acting mechanism activated. This latter function employed the use 
of a lever to engage'a nut housed in the saddle, carrying the slide rest, 
supporting the cutting tool, with the leadscrew driven by a gear train 
('Cogs' in mesh, i. e. driving and being driven). See f IS I where the 
geometry of gear 'meshing' is outlined; together with ý the kind of 
arithmetical computation that would be expected of the skilled nachintat 
In order to accurately determine the correct ratio of turns of the work 
to linear movement of the tool. Referring to a lathes the gear train was 
arranged so that the headstock, carrying the workpi*ce, moved the work In 
a constant ratio movement relative to the travel of the cutting tool. 
This means that, in the case of a Centre lathe, the work revolves at a 
predetermined rate (revolutions per minute. R. P. X. ) whilat the cutting tool 
advances a contant amount parallel or at right angles to the axis of the 
work (In inches per revolution). Lathes were available with longitudinal 
and cross-feed notions driven by gears and the rack (A long 'Screw', flat 
an one aide and fixed to the bed of the machine) giving 16 changes of 
feed to each, The operator had only to eacure a sliding aria to the 
proper figure an an Index stud and the machine would cut the pitch 
Indicated by the figure. (Bement# Mlls & Co. (1893) p. 291 
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By 1863 machines such as heavy duty centre lathes were available with 
a capacity, for taking work up to 20ft. diameter an a faceplato 14ft. dia. 
with a bed 36ft long. ' (Collins, (1883)(p. 291 
# 'Faceplate,: A plate-shaped Iron device for holding large or Irregular- 
shaped work. 
6 Q) Thn Princl P Ig nf 'Ming Time' 
A basic simplified example will illustrate the 411gaillcance for 
production technology of the principles of 'idling' and cutting tine an a 
centre lathe. 
Given; A mild steel bar Join. diameter, 18ft. long to be reduced to a 
diameter of average 81n. 
Speed of lathe 150 revolutions per minute (R. P. X. ) (workp loco 
speed) 
, 
Feed rate of tool = 0.062in (i. e. In. per revolution of the 
workpiece) 
Depth of cut n 0.0581n (i. e. 0.110in r&duction of dianster) 
In one minute tool advances 150 x 0.082 a 9.3 In. 
4 Time taken to travel 18' 
18 x 12 = 23 nin. 9.3 
Each conplete traverse reducea dianoter by 0.116 In, 
. 1. order to reduce diameter by 2 In, 
P 
---- a 17 travorsea nood to be malen, 0.116 
4 Total time taken in actual cutting w 23 x 17 - 391 min. or 04 hro. 
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Another illustration based on the heavy centre lathe serves to make the 
point further: With a bed, 36ft. long, it would be possible to take work 
28ft. long, with a range of diameters say 180 as typical; If the material 
to be cut was mild steel it would have been cut with a plain carbon steel 
tool at a maximum of 20ft. /min. (ref. Spon's Dictionary of Engineering, 
1873, 'p. 2322). - In order to reduce the diameter by 31n. the following 
conditions would apply: (depth of cut 0 0.058 in, traverse 0.06210 
Given 16in. dia. 0 20ft. /mins r-p-m- -x4.24 r. p. n. xx 18 
In one minute tool advances 4.24 x 0.082 - 0.262 In. 
4 Time taken to full cut full length, 281 
2§ 
0.262 
522§- - 1282.4 min. = 21 bra. 
. 262 
I. e. for a reduction in dia. of (2 x 0.058in 0 0-11610 
4 For a3diameter reduction of an average Un. 
yf6- = 25.8 traverses would be necessary. i- 
4 Total cutting time required - 25.8 x 21 o 541.8 hra. 
(or 91A weeks 0 57 hrs. per Week) 
The second example indicates that when cutting nild stool of 
relatively large cross section using plain carbon steel tools of the 
period, it could take over two working days of 10 hrs each to complete a 
single traverse or 'pass' an a component. This tine$ It will have been 
notedo refers to actual cutting time when the machine in travelling 
(traversing) under self-acting principles. The Implication for employers 
was that cutting time, particularly an large components. was in tact 
lidlIng, time In that the machinist was engaged in observing and checking 
the cutting action; not actually performing a specific technical task. 
Employer reasoned It was 
Possible to utilise the machinist's Inan- productive I time. In practice this 
usually meant increasing the number of machines supervised, Ie. working 
more than one machine (in appendix 18 the principle of Inultiple-manning, 
Is explained with examples from Germany and America) 
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APPENDIX 7 
Common Ninp-tp, -nth Century Matarialm "rM 
In Enalneprina PraduntImn 
XaxiMum cutting speeds depend mainly upon the material being cut and the 
metallurgical composition of the cutting tool. The principal material for 
cutting metals throughout the nineteenth century was plain carbon steel. 
The essential difference between cast iront a comnon fabricating material 
Of the period, and steel was the amount of carbon contained in the 
Constituency of the metal. Pure Iron, called ferrite, Is a soft natal 
having a structure composed of crystals or grains. Carat Iran contained 
approximately 92%-94% iron and about 316% of carbon, plus some small 
quantities of constituents such as silicon (2%), manganese (1%)# sulphur 
(0.1%), and phosphorous (0.3-1.2%). [Chapman. V. A. J. (1943) p. 121 
Steel is fundamentally an allay of iron and carbon with the content of 
carbon varying up to a maximum of 1%-211 per cent. If the carbon content 
is Increased beyond this level, excess carbon in distributed throughout 
the material in' the form of free graphite. Further Increases would merge 
the metal into the group of metals termed the cast Irons. Thus the 
crucial constituent in plain carbon steels was the presence of carbon up 
to about 1-2 per cent only. For a material to be classed as a steal 
there must be no free graphite (as In cast Iron) In Its composition, 
(Spon's Dictionary (1873) p. 29211 As a general guide the plain steels (as 
distinct from complex alloys which were developed lata in the nineteenth 
century) were classified according to their carbon content: 
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Steel Carbon % Uses 
Dead Mild 0.1-0.125 Wire rod, sheets, tubes 
Mild 0.15-0.3 Boiler plates, brdige work, drop forgings, general 
workshop use 
Medium 0.3-OZ Axles, drop forgingst agricultural tools 
Carbon 0.5-0.7 Springs, locomotive tyres, hammers 
High 0.7-0.9 Springs, shear blades, chisels 
Carbon 0.9-1.1 Press dies, punches, screwing dies, axes, picks 
1.1-1.4 Razors, files, drills, gauges, motal-cutting tools 
(Source: Cbapuart (1943) p. 181 
APPENDIX 8 
Nlnatppnth Cpntnry Exporlonntn with SlpcxnlAl Met-ql-Cuttl gglm 
At one period in the cutting trials, up to 1889, Taylor compared the 
performance of two steels, the English Xusbet air-hardening steel and an 
alloy be had developed whilst at Xidvale Steel Vorks. The conpositions of 
these metals were as followel 
Tungsten 
Phosphorous Sulphur 
Xurahet 5.441 
Xldvale 7.723 
0.008 
Chromium Carbon 
0.308 2.150 1.528 
1.830 1.143 0.180 
xallsaneze SLIlcon 
1.044 
0.246 0.023 
Percentage Composition of Xuabot Self-Hardening Stool 
and Midvale Self-Hardening Steel 
(Sourcei Taylor, F. V. (1900)) 
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The following metallurgical analysis Is based largely an an 
Abstract of Selected Papers collated by the Cutting Tools Research 
Committee of the Institute of Xecbanical Engineers. (Proc-I. Xach. E. (IID23)1 
(Between 1841-1921 these abstracts cited 369 articles an cutting tools 
research. After Taylor's published work In 1906 thare were 145 articles up 
to 1921. In roughly the same period the American Society of Xechanical 
Engineers - A. SX. E. - cited 296 works, indicating the Intensive activity 
Into this aspect of technological research. ) 
I briefly outline the significance for machine cutting of the 
addition in a basic carbon steel structure of the various alloying elements 
In the above steels. 
T11n2sten: With from 9 per cent to 18 per cent addition of this constituent 
the brittleness of the steel is increased but the cutting capacity In 
greatly Improved. Tungsten steals also poGsess a power of resistance to 
abrasion. 
Chromiumi The function of chromium is the formation of a double 
carbide with tungsten, which inparts a very high degree of hardness and 
excellent resistance to abrasion. 
r-Arhnn: As noted, too high a carbon content In undesirable 
causing brittleness. This constituent is reduced In content when alloyed 
with chromium, a characteristic to be noted In the Xuabot steel. 
Xanz=ese: This is present in all stools. Stools containing 1.5 
per cent manganese and 0.3 per cent carbon are appreciably stronger and 
tougher than plain mild steel and were not considered expensive. 
P111con: Up to a maximum of 3 per cent, this element Improvao the 
hardness and cutting qualities for machining hard material. To a limited 
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extent it counteracts the effects of tungsten, the durability of the tool 
Increasing as the silicon content decreases. 
Sulph"r: Present as, an impurity. tends to form dangerous films of 
Iron sulphide; the manganese present forms In conjunctlano manganese 
GulPhide which counteracts this tendency. 
Experiments were conducted both In America and England to 
Improve still further the cutting efficiencies of the air-hardening stools. 
These consisted essentially in a series of tests made with tools of various 
chemical compositions, - and heated to different temperatures. It was during 
the course of this type of investigation that Taylor seems to have 
established a crucial empirical point that, although both carbon and air- 
hardening steel deteriorate rapidly when the tenparatura rises above a 
cherry red (colour of the oxide film an the surface of the natal), some 
chemical compositions of the alr-hardening class of steals rapidly pass 
through this condition. The efficiency rises slowly at first, and then 
rapidly as the temperature rises, reaching a maximum at the point when the 
tool begins to crumble Murnt' steel). He noted that the Xuahat steals 
were breaking down or were Injured by over-heating at between 15507 and 
1700 *F. 
I... but to our surprise. tools heated up to or above the high 
heat of 17257 proved better than any of those heated to the 
previous beat temperatures, namely cherry red; and from 17257 up 
to the Incipient point of fusion of the tools, the higher they 
were heated, the higher the cutting Qpeed4 at which they could 
run. ' (Taylor, F. W. (1005)1 Thompson (Ed) (1914) p. 2601 
The exploration of this phenomenon led Taylor and his colleague, J. Xauncel 
White, a metallurgist, to the Inclusion of another constituent to the 
chrom Lum- tungsten steals. This was molybdenum. used either In combination 
with or as a substitute for tungsten. The proportions of the Taylor-Vhita 
metal varied but generally depended upon the work the steel was Intended to 
do: 
- 382 
0.75 per cent chromium, with 4 per cent tungsten or molybdenum, 
or a mixture of the two latter with chromium. 
This would be suitable for-machining mild steel at the highest speed. For 
working hard steel or chilled iron (iron usually with a very hard Iskin9t- 
3.0 per cent chromium, 5.0 per cent tungsten, 4.0 per cent 
molybdenum. (See Appendix 6(a) 
The beat treatments for the hardening of these steals was Itself a radical 
departure from conventional hardening proceduresi they heated the steel to 
about 1000'C, then rapidly cooled it in a lead bath to about 800Co keeping 
It at that temperature for about ten minutes, followed by natural slow 
cooling in lime or some other Inert non-conducting powder. When quite cold 
It was re-heated to warm red, and allowed to cool In the open air. [Iron 6 
Coal Trades Review (1902) p. 15181 The high degree of heating evolved for 
this process was clearly an inversion of all theory and practice of thermal 
treatment existing previously. (Gledhill, J. X. (1004) p. 121 
SA ThA Develon"Ant Of H40 q stol"C' PC '6d-' 
The results obtained in cutting trials with the now steels. referred to as 
High Speed Steel (HSS), indicated & machining potential capable of 
transforming tool cutting processes. Cine of a number of manufacturers of 
the steel in Sheffield was reported as saying I... the results are so 
extraordinary that they would riot be believed If published. ' (Iron & Coal 
Trades Review (1002) p. 15761 The greatest manufacturing economy affected 
by there innovatory steels was the greatly Increased capacity for rapid 
metal removal. It was also shown that the extra power required to remove 
metal at a higher speed than at low cutting speed, was not proportional to 
the large extra amount of work done by the high speed cuttingi for the 
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frictional and other losses did not Increase in the same ratio that a high 
cutting speed bears to a low cutting rapeed. Tests carried out by one 
researcher, Gledhill, produced the following power, consumption rsults: 
Xaterial being cut Depth, of cut (in-) Feed (in. ) Speed (it/nin) Power 
Hard steel ir 
Hard steel 3/18 1/16 42 4.18 
These figures show a 19 per cent power saving with an increase 
of cutting speed of 2% timem 
[Sourcei The Iran Ige (1904) P-141 
Further experiments an power consumption denonstrated that by 
doubling the depth of cut to 3/8 In. the saving In power was as much au 28 
per cent. (The Iron Age (1004) p. 141 The conclusion drawn from there 
tests was that in laying down new plant and machines the I... Introduction 
and use of high speed steel would have considerable Influence In reducing 
expenditure on capital account. ' (100-Cit. ) 
Testa carried out In 1910 at the Alfred Herbert Company In 
Hngland showed the rate of metal removal was Increased 12 times using HSS 
compared with ordinary carbon steel tools (See appendix 13), 
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Appendix 9 
Vhltwnrthlr, Plucr and Rln(r Caucreft 
The ring gauge consisted of a heavy disc of metal with a bole very 
accurately bored and ground to close tolerances of size. A shaft could be 
Machined until it Just fitted Into the ring gauge hole; slightly oversize 
the shaft would enter, slightly under size it would be slack. Corresponding 
to the ring gauge of a given size was a ground shaft which fitted the ring 
exactly, this was the plug gauge for that specific size with a 'pairing' 
function to determine hole sizes within prescribed limits of tolerance. It 
was possible with gauges such as these to produce work in the workshop to 
within 0-001- In. and with grinding# close tolerances of + or - 0.0001 In. 
Whitworth pressed for the official adoption of his standards which he 
maintained enabled I... the workmen (to) measure to the 1-20,000th of an 
Inch, and these measures are as familiar and appreciable as those of any 
larger dimensions ... I Mitwortho J. (1857) p. 481 The comprehensive nature 
Of the gauges may be illustrated by an extract from the Denaminationa of 
Standard Gauges: 
1 (1) Whitworth's External Cylindrical Gauges 
External Diameters In terms of the Inch. 
Fifteen gauges from Uth to I inch, 
increasing by sixteenths of an Inch. 
Twenty-four gauges from 11ith to 4 
inches, Increasing by eighths of an inch. 
Eight gauges from 411 Inches to 6 Inebea, 
Increaciing by quarters of an Inch. 
- 385 a- 
Nineteen gauges frcm 0.1 to I inch, 
increasing by five one-hundradthc of an 
Inch. 
Thirty gauges from 1.1 to 4 Inches 
Increasing by tenths of an Inch. 
Ten gauges from 4.2 Inches to 6 Inches, 
increasing by fifth of an Inch. 
(2) Vhitworth's Internal Cylindrical Gauges: 
Internal Diameters In terms of an Inch 
(see 1). etc. Whitworth, J. (1876) p. 711 
A range of two hundred and twelve gauges was developed to cover 
a variety of sizes from 1/10 Inch up to 6 Inches for'both Internal and 
external measures. The importance for mass production processes of having 
stabilised standards for a given range Of COMPOUent8 WAG first reallsed, as 
suggested above, In firearm production. 
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APPENDIX 10 
IM-atitution of MPoh., %n1nmk1 Fng1tPPrs1 Critorigi nf Turrot tmthl-q- 
An article in the proceedings of the Institute of Xechanical Engineers, 
'Light Lathes and Screw Xachines, ' (Proceedings 1901), set down some criteria 
for turret lathes. These were prefaced by the observation that 
I... at present automatic machines are being Introduced for 
producing in quantities machines parts which had hitherto to be 
made by skilled men at higher cost. ' [Proc. I. Xech. R. (1001), p. 2601 
Accardingý to the Institution, turret machines would embody at least the 
following features, in addition to the conventional requirements of a 
standard lathe. 
(a) Self-centrIng chuck for gripping wide 
variety of work diameters. capable of 
positive holding when under Its heaviest 
cut. 
(b) There should be a suitable neans of 
feeding forward the stock when required, 
without undue loGs of time. 
(c) The revolving tool-holder should bit 
designed to allow the greatest range of 
action, support the tool without spring; 
bring the tools Into actions accurately 
adjusted; and revolve and adjust Itcalf 
automatically. 
(d) Independent stops should be provided for 
each toolo with automatic, power cut-out. 
(a) The means of traversing the turret 
should allow quick movements while 
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changing the tool position, and of steady 
notions while cutting. 
(f A cross slide is usually desirable to 
carry forming, cutting-off, and chasing 
tools (for certain kinds of thread); and 
its position should ba easily and 
accurately adjustable. (Proo. I. Xech. (1901) 
p. 2621 
The reiteration of speed, accuracy, and automaticity in this definition of 
the turret machine, clearly locates this machine as crucial to a mass- 
production manufacturing form, using unskilled labour. 
Initially the turret lathe was a slightly modified version of the 
ordinary centre lathe, but was later refined to becone a sophisticated 
automatic machine tool. Its significance for Interchangeable manufacture 
Was that by substituting the tallatocki with a turret, a range of nachining 
operations Involving different tools could be brought Into action without 
any particular skill an the part of the operator. The turret was a robust, 
six aided Chexagon turret') device mounted on the lathe bad, capable of 
being rotated, and with linear movemento holding six or more different 
forming and cutting tools, each of which could be pro-cat (by labour other 
than the operator If necessary) In order to machine to pro-datermined 
dimensions. As each tool was required In a machining sequence, it waa 
brought Into cutting position by a relatively short novement of a capst3n 
or pilot wheel located an the front of the nacbIne near the operator's 
right hand. This was a process of 'indexing'. I. e. automatically rotating 
the turret and bringing a now face of the hexagon and hence a fresh tool 
Into Position after each cutting operation. This conatituted a great caving 
In labour time, for tool-changing operations were eliminated at each 
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Intermediary stage. For long production runs this was one of the critical 
operating features, the other being the semi-automatic principles Involved 
which required skilled labour only for tool-settIng and grinding. 
The advantages for management were elaborated In a contemporary 
Journal. The Engineer(1899) noted that 
I ... machines of, this type (the turret lathe B. C. ) require a number 
of special tools to suit the various classes of work they have to 
perform, and therefore the services of a good tool fitter even 
for a single machine are essential. Vhen there are three or four 
In use, the changing of tools an each is not ... so frequent as In 
the case of a machine working alone, and thus one tool fitter is 
sufficient to keep them going ... with a number of tools a 
mechanic can be employed to supervise the setting of the cutter 
and the adjusting of the machines, while the actual operating of 
them can be entrusted to less expensive hands working under his 
Instructions ... for the turning and screwing of studs, etc., in large numbers, the automatic machines# five or six of which can 
be operated by a single mant of course effect an Immense saving. $ 
[The Engineer (1899)] 
Further potential'of this machine was later reallsed with the addition of a 
fOur-POsition front tool post, and a single-tool rear tool poats both 
mounted an a cross-slidel and capable of movement at 90' to the lathe 
centre line. This combination rendered possible a machine tool with sloven 
tooling positions; six an the hexagonal turret. four an the front tool post, 
and one an the rear tool post. Provided the movements of the cutting tools 
were controlled with positive adjustable stops or dials, the operator's time 
could be more or less solely directed at metal removal. Vork-setting timo 
also had been radically reduced. 
The first turret machines In production use were American, dating 
from the 18606, made by Pratt and VhItneyt and Brown and Sharpe, the latter 
firm becoming pre-eminent in this field. (Steeds, V. (1969) p. 931. 
Mis was a device located an the lAthq bad of conventional design 
primarily used to support the end of long plecea of work, and to carry 
GnAll tools such as dr1lls. 
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Roe(1916) ranked the turret lathe 
_as 
the I... first radical improvenent an 
Maudslayis slide-rest', and put the first turret lathe as a product of 
Robbin6s & Lawrence in 1854. (Roe, J. W. (1916) p. 1431 The 1867 Paris 
Exhibition revealed a fairly sophisticated application of turret principles 
to screw manufacture; there was also a clear reference to their use In 
England as early as the 1850s. Anderson, one of the jurors at the 
Exhibition, said 
'Brown and Sharpe exhibit a machine for making descriptions of 
screws out of rough bar ... every Instrument necessary for its 
production is placed In suitable holders ... the wire or bar 
passes through the centre of the revolving spindle, when tool 
after tool Is successively broughT Into action, and screws of 
perfect Identity are thereby produced with facility. ' I... The 
system was Introduced into England by Xr. Hobbs, after 1851, for 
his lockmaking, and afterwards It was brought into some of the 
Operations of the War Department, but In no previous exanple has 
the system so well developed as In this machine. ' (Anderson, J. 
(1867) P. 3731. 
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APPENDIX 12 
In terms of cutting performance -measured by the rate of removal of 
surplus 'metal, a practical illustration cozzes; from a variant of HSS, 
called Novo steel made In Sheffield. This now naterial was used In-a 
Multiple-tool roughing, operation (large stock removal where finish 
quality was not crucial) as followst A rope transmission sheave, 23 ft 
Oin. diameter, 6 ft long was roughed off simultaneously by five tools of 
l1n. by 2 In. Novo steel. The speed was 27 ft per minute and In the 
roughing operation the five tools working all at one time removed stock 
at the rate of, 500 lb per hour. These five tools ran continuoualy for a 
period of 36 hours without grinding. (Iron & Coal Trades Review (1902) 
P. 15161 
A measure of the metallurgical and mechanical advances made by the 
tools was further demonstrated in America, affected by the Link-Bolt 
Engineering Company in America, one of the first firms to Introduce the 
new process Into their machine shops. Tests were conducted an cast-iron 
rings 81 6" diameter bolted to the table of a 7-foot boring mill. A 
Xushet tool$ under the test cut removed 516 lb of metal and broke down 
after one minute. (Sea Appendix 6(a) for details). An HM tool, under 
the same conditions of cut, feed and cutting speed, removed 106 lb of 
natal in 10 minutes and when removed was In perfect condition. (Iron 6 
Coal Trades Review (1902) p. 15171 The durable properties of these, notals 
nay be gauged by the level of cutting forces sustained during the trials. 
The actual pressure against the tool In each case exceeded 316 tons while 
- 391 
the pressure per square inch with one of the test tools (of larger croGs- 
sectional area) was 143,000 lb; the HSS tool had sustained -a 
corresponding pressure of 130.000 lb per sq. 1n. (loc. cit. ) Tabulated 
results of this particular research are to be found in 
append ices6 (a), 6 (b), 8,1 1 (a) 13. These findings clearly 'denonstrate the 
effect of new metallurgical discoveries on production. The extension of 
these technological principles to- control of the labour process was 
graphically shown by the Link Belt Company, used by Taylor In a number 
Of his experiments. It was argued by this Pennsylvania company that 
time studies were essential to the full exploitation of the now cutting 
tool technologies. A series of time studies were made, as a result of 
Which it was finally determined I... that A man should run 316 machines 
simultaneously ... or to obtain 
his maximum wage acale he Is required to 
turn In 316 times as many machine hours as the number of hours he works. 
EAmerican Xachinists (1911) p. 181 
My Interpretation of Taylor's work in there processes leads me to 
conclude these new mechanical properties were critical to now machine 
operations particularly those significantly. concerned with roughing. # 
Some of the machining stresses, whilet severe were adequately 
accommodated by many grader, of HSS, producing greatly increased rates of 
rAstal removal. This facility was clearly demonstrated In trials on a 30 
ton steel an a lathe, (30-ton steel - steel with a tensile strength of 30 
tons per sq. inch). Cutting conditions weret depth of cut of A In., I. e. 
14 In. reduction in diameter in one cut# with a% in. feed per revolution, 
at a cutting speed of 90 ft. per minute. The Results were as followst 
Xaterial being Cutting Depth of Feed rate Area of Veight of metal 
cut speed cut cut removal 
(ft/min) (in. ) (par rev) sq. In per min. per hr 
30-ton forged go 16 14 0.21875 68.75 4010 
steel 
(Source: Gledhill (1904) p. 15) 
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The stress an the tool In this roughing operation was 78.5 tons per sq. in. In a 
similar test cut with 35-ton tensile strength steel, a resistance to cutting of 115 
tons per sq. in. was recorded, suggesting to the researcher the significant finding 
that '... if proper care be taken, tools of high speed steel are quite capable of 
withstanding any pressure likely to be met In ordinary workshop practice. Eloc. cLt. 
t 
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Appendix 13 
Tents UslnZ HSS Carri--d Out by thims Alfrpd Hnrbert Cinm; mxX 
In PtalAnd 
TOOL R. P. M. CUTTING SPEED 
FT/MIN/ 
FRED 
PER REV. 
FRED 
PER MY. 
EIGHT OF XBTAL 
REXOVED/XIS. 
Carbon Steel 149 58.5 0.0134 2.01- 0.753 lb 
Special 
H. S. S. 470 185.00 0.05- 23.50 8.8125 lb 
,, Source: Brackenbury H. L. 'High Speed Tools' In, - 
Proceedings Institute of Xechanical Engineers Val. 71) Jul. 1910 
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II APPENDIX 14 
Prit-f Hintgrical l(ote nn thp origiri of the Appr-, ntli-e-zhip syntem 
The system that lasnyth(1867) had referred to as the 'fag and of the old 
feudal system' dated from the Elizabeth Statute of 1503. As Originally 
conceived the 'apprenticeship system wascarefully regulated, defining tho 
social classes from which apprentices night be taken, and enacted that 
seven years was the qualifying period to practice any trade. In this way 
the skilled were bracketed out from the unskilled and there was a clear 
demarcation between the various skilled trades and with the unsUlledi 
(R. C. an Labour (1894)] The concept of the 'company' or 'fraternity' was 
to have been important in the earlier period for the apprentice was 
committed to a period of 'servitude' to a specific company from whom 
'freedomf had to be acquired after fulfilling the obligations; of tha 
statutory period. Those responsible for apprentices were Inaoters' and 
conditions imposed an both parties were strict and obligatory. , Such 
conditions emanating from the "Statute of Apprentices" of 1557 remained 
in force for two and one-half centuries. (Evans. A. (1890) p. 71 
This represented a systen characterlsed by a more or lose strictly 
delineated teaching and learning situation for clearly defined and 
discrete skills. 
The watershed In the dissolution of the mas ter-appren tics relation nay be 
put at 1814, in which year the provisions relating to apprenticeships in 
the Elizabethan Statutes were finally repealed. Fran that period there 
ceased to be any legal guarantee for the restriction of the number of 
workmen In any trade. (Evans (1890)) 
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The legal requirements and obligations under the old system constituted a 
formal contract between the relevant parties. With the repeal, It seemed 
Only a matter of time before the methodical exploitation of young 
workers, unprotected by any -form of legislative enactment, would be 
concretised. This is not to argue that there was carte blanche 
exploitation of the young worker completely unprotected by legal statute. 
There, were, In fact, various legal Instruments extant e. g. the Emplolyers 
and Workmen Act of 1875 which laid down conditions of employment and 
procedures governing disputes between master and apprentices. (30 and 39 
Vic- Cap.! DO 1875. p. 1020). I -have maintained In my analysis that, in the 
mechanical engineering Industry, the process of disintegration of the 
formal apprenticeship sharpened from about the middle of the century with 
significant changes in standardisation and machino tool developments. 
Statutory obligations notwithstandingt what was clearly present In the 
old system, and conspicuously absent by the and of the nineteenth and the 
beginning of the 20th century was the expectation and reciprocal basis-of 
the relationship between the' apprentice- learner and the master. The 
evidence shows that, In the main, the concept of Inaster' In 'the old 
meaning of the term had been rejected by the employers. 
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APPENDIX 14 (a) 
Fnrmn nf Apprent1tenhi; L 
During most of the period under discussion three forms of apprenticeship 
may be , distinguished., Apprenticeship under indenture,, apprenticeship 
under written agreement, and apprenticeship under oral agreement. 
In the first case the agreement Is expressed in a form which coats out In 
detail and with solemnity the various conditions to which the employer 
and the apprentice agreed to be bound (the concept of the 'bound 
apprentice'). It demonstrates that there was a clear set of expectations 
generated -not only by a formally designated trausniesion of specific 
skills but it was also accompanied by a cluster of norns and values 
associated- with those particular skills. As originally conceived, the 
agreements were a recognition of the autonomous character- of skilled 
artisans# work and ý the, inculcation of accompanying norms and values, 
the apprentice shall and will diligently, faithfully, soberly, and 
hanestlyl according to the best of his knowledge, skill and ability. serve 
the masters ..., during the said term, and obey, observe, and fulfil all and 
every the instructions, orders, and lawful commands of the masters and 
those put In authority under then-' 
The employers' obligations were also clear: 'The masters will accept the 
apprentice as an apprentice during the said tern, and by the beat moans 
that they can, will instruct him. or cause his to ýbe lantructed In 
(specif led, areas B. C. ) the branches of the busineaa of a manufacturing 
engineer ... I (Indenture (1904) (a)). 
Clearly the term apprentice' preauppoacs that It had a defined 
specificity in relation to a branch of the engineering Indugtry and 
Implied an obligation to engage In the practice of teaching a trade. The 
*mysteries of the trade' were part of a cultural an wall as a 
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technological transmission in the engineering workshops. Formal 
adherence ý to this, particular form operated under highly structured 
agreementas embodying legal sanctions. I... the apprentice ... signing this 
Indenture (doth) bind himself for the whole term of his apprenticeship to 
serve his masters ... and do all he can to further his masters' Interest 
their secrets to keep and their lawful commands to obey'. 
Vritten agreements were usually simpler In form than Indentures and 
were required where an apprenticeship was entered into for a period of 
more than one year but less than the traditional period of 4 to 0 years. 
This was necesseary in order to make the contract enforceable. There was 
a commitment laid upon the employer to teach the apprentice, commonly 
through the use of skilled journeymen; and the apprentice to serve for 
the stipulated time. Both the Indenture and written agreement patterns 
carried simple but necessary features. There may be sunmarlsed as the 
employer undertaking to teach the apprentice under the various conditions 
laid out; and the apprentice to serve the employer. In addition it was 
usual to provide for the terms of apprenticeship# the wages to be paid in 
each year of the apprenticeship, the trade(s) or branches of trade which 
the apprentice is to be taught and the binding of the boy'a parent or 
guardian as a third party to the agreement. (Board of Trade Report 
(1915) p. 151. 
Ipprenticeship, under oral agreement was used when an employer 
orally agreed to take a boy as apprentice for the purpoas of being taught 
a skilled trade. The terns of such a contract seldom went beyond fixing 
the length of the apprenticeships the hours of work and the wages to be 
paid. The terms and conditions may be explicitly advertised conditions 
Of apprenticeship obtaining at a particular estalishment. An oralagreament 
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was valid, but unless it was to be performed within the cpace of one year 
It was unenforceable. Mid p. 181 
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APPENDIX 15 
Under this system of payment F. V. Taylor proposed a nechanism of paying 
'men, not 'positions' and tended to isolate the worker In terns of his 
personal skill, energy, punctuality. attendance, rapidity etc, with which 
he performed his work. Two different rates were offered for the same job; 
a high' price per 'piece, in case the work was finished In the shortest 
possible time and In perfect condition; and a low price, if It takes a 
longer time to do the job, or if there were any Imperfections in the work. 
The avowed intention was to allow workers an enhanced daily wage rate; a 
numerical example provides an Illustrationt 
Ordinary system of plece-work Differential rate system 
Xan's wages $2.50 Xan's wages $3.50 
Xachine cost $3.37 Xachine cost $3.37 
Total cost/ day $5.87 Totalcost per day $6.87 
5 pieces produced 10 piscm produced 
Taylor cited specif I Ic work example) (actual production rate) 
rnnt mr-Place S1.17CoMt per plusce 20.60 
rsourcet Taylar, P. V. (1916). 
ibe Incentive under this particular example of the differential system 
was the offer of a pernanent S3.50 per days with Increaeod output. The 
arithnotic will show that wages Incressod In tbIG Instance 40 per cent 
while production was doubledo and per unit cost reduced by 41 ýper cent. 
In global terns it was estimated that as a result of the Implementation 
of 'efficiency, measures at Bethlehem Steels output Increased from 300-500 
per cent$ costs reduced by 150 per cents and saved, strictly an the level 
of labour costs, $128,000 over a two-year perLod (Palmer, B. (1975) p. 391 
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APPENDIX 16 
On the question. of multiple-nachine manning in engineering workshops I 
argue that this had been a nanagement-oriented production strategy -In 
England for at -least forty years prior to the 1890s. In the 1850a for 
example, Nasmyth was arguing that one partlally-traimod - man could 
effectively supervise six machines. On a comparative note, evidence 
Shows that this 'practice of one man operating more than one machine 
characterised the operator new technologies In machine production In 
other countries. For example, cases were reported In Germany of two 
large lathes being operated by one man; two men attending three punching 
machines (for 'stamping' out metal components under heavy pressure, with 
high shearing forces over pre-set forms or Idles'). In come operation&; 
One man supervised the running of five nachines. (Engineering, Oct. 181D73 
Distinct from America and Britain, the systems that developed in 
Germany to control work were almost exclusively systems for the control 
of working time. Bonus systems, of the American and British pattern had 
not asserted themselves generally to the extent that they had In the 
English-speaking societies. (Grob, D. (1978) P. 301) One account by Groh 
puts the view that cost-accountancy offices were essential to strict 
work-time control; replacing the more or less ad hoc work books and wage 
books which had operated hitherto. 'Thus long before the Introduction of 
time and notion studies with the stop-watch# the cost-accountancy offices 
were In a position to make time studies that enablod them to estimate 
even the new jobs with a fair degree of accuracy. ' (loc. cit) Regardless 
Of whether pay was by the piece or by day rates, the real control of 
working time was transferred to the cost-accountancy office; this, Groh 
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On the question of multlple-machine manning in engineering workshops I 
argue that this had been a management- oriented production strategy In 
England for at least forty years prior to the 1890s. In the 1850s for 
example, Nasmyth was arguing that one partlally-trained man could 
effectively supervise six machines. On a comparative note, evidence 
shows that this practice of one man operating more than one machine 
characterised the operator new technologies In machine production in 
other countries. For example, cases were reported In Germany of two 
large lathes being operated by one man; two men attending three punching 
machines (for "stamping' out metal components under heavy pressure, with 
high shearing forces over pre-set forms or Idles'). In some operations 
one man supervised the running of five machines. (Engineering, Oct. 18971 
Distinct from America and Britain, the systems that developed In 
Germany to control work were almost exclusively systems for the control 
of working time. Bonus systems of the American and British pattern had 
not asserted themselves generally to the extent that they had in the 
English-speaking societies. (Groh, D. (1978) p. 301) One account by Groh 
puts the view that cost-accountancy offices were essential to strict 
work-time control; replacing the more or loss ad boo work books and wage 
books which had operated hitherto. 'Thus long before the Introduction of 
time and motion studies with the stop-watch, the cost-accountancy offices 
were In a position to make time studies that enabled then to estimate 
even the new jobs with a fair degree of accuracy., floc. cit] Regardless 
of whether pay was by the piece or by day rates, the real control of 
working time was transferred to the cost-accountancy office; this, Groh 
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asserts, developed into an larchive of work and prices. ' (Groh (1978) 
p-3623 
In contrast, in the U. S. higher wages were the main Incentive and thus 
attempts were made to rationallse 'work' and the debate centred an the 
organisation of work and workshops. Thus It might be argued that 
American machine shop practice as far as craftsman status and shop 
function were concerned provides an exanplar of the variations poG31ble 
within a free market economy. In general. U. S. machine shops had 
formerly reflected the A. S. E. workshop ordinances. The A. S. E. had branches 
In America from 1881, when the first branch was opened In Buffalo-, -by 
1871 this number had risen to 20. This 'colonial' extension of the 
Society ended In 1920 when the International Association of Xachiniets 
(U. S. ) superseded the A. S. E. as the leading craft engineering union, after 
what was described as a 'David and Goliath' struggle for Indigenous 
control. EJefferys, J. B. (1945) pp-Ols 731 
Regarding the issue of labour power exploitation through the operation 
of automatic machines in America there seems to be some ambivalence. It 
was argued, in the first Instance, that the one-nan-One-machine rule 
expressed the protest of the trade against the breaking down of a custom 
which ossified during a period when machines were comparatively new and 
comparatively crude. (Commission on Labor (1904) p. 1051 The development 
and exploitation in the shops of automatic machines compelled a 
modification of that expression of protest. Evidence suggests that no 
restriction whatever was put on one man running more than one machine 
when such machines cane under the Classification known either as 'auto, 
machines or 'double' machines. CIOC-Clt-] In the late 1890s there were 
twenty-four American Pratt and Whitney 'auto' machinos operating at the 
Enfield Small Arms Factory (E. S. A. F. ), currently known as the Royal Small 
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Arms Factory (R. S. A. F. ), attended by three men. 'There Is no now screw 
machine of English design which would want so little for attendance. 
Screws turned out on these machines were made more or less perfect 
against standard gauge measurement and made for about 3d. per 100.1 
PEngineering', 3rd December 18971 
The extent of the range of exploitation and Intensification of labour 
through this application of 'auto' machines of American design nay be 
Judged by the reference to their automaticity In 'Engineeringli 'American 
tool-makers can offer a choice of several types of absolutely automatic 
machinesi requiring not only no skilled attendance, but a single attendant 
Can look after eight, ten, or even more, In some cases. ' [Ibid. ) Clearly, 
the question ýaf definition was Important for any differentiation of 
applied skilled relevant to the various machines. In the case of the 
American workshop the functions of various grades of workers was m3de 
fairly explicit. Ia contrast, I have previously argued that much, of the 
struggle in the mechanical engineering Industry In England waa often 
locallsed and related to the Icasuall nature of- skill definitions. 
Disputes centred an the indiscriminate use by employers of unskilled 
adult and boy labourras machine-labour susbUtute. (B. B. P. minuted letter 
to Board of Trade; statement issued by the D. Smith Co., [Sea sub-&action 
8.1.0 in main text; Robinson, and Nasnyth evidence quoted in their 
evidence to the R. C. on T. U. (1868); evidence of A. Xoble to the R. C. an 
Labour (1893). 
The American workshop embodied a number of relatively well-defined 
distinctions regarding both labour power and machines. 'Xachiniat', for 
example, was defined (officially from 1901) in terns of a generallsed. set 
Of machine tool and fitting cOmpet4ncGG1 '--- a machinist to a competent 
general workman, competent floor hand, competent lathe hand, competent 
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Vice hand, competent planer hand, shaper, milling machine, slotting 
nachine, -die sinker, boring-mill hand, tool maker. ' (U. S. Commission an 
Labor (1904) p. 1040 The concept 'handy' man was guardedly acknowledged 
by-the, craft union, e. g. the National Metal Trades Association which drew 
UP the 'machinist' definition, in so far as all machine shops were 
recognised as employing Iso-called 'handy" nen'. But it was further hold 
that the' machinists I... have never admitted this tern and do not 
recognise the, "handy" men at all, they say there are machinists and 
helpers. ' Eloc. cit. ] The skilled worker was characterised by his ability 
to '... take any piece of work pertaining to his class, with drawing or 
blueprints, and prosecute the work to successful completion within a 
reasonable. time. He shall also have served a regular apprenticeship, or 
worked at the trade for four years. ' Eloc. cit. ] 
Automatic machines seem to have been a principal focus for the 
Iskilled-unskilled' demarcation. They were distinguished from conventional 
manual control machines in union references as machines that required no 
special skill to supervise them, the only skill necessary being to adjust 
the tool or cutter. The machine having been set In motion performed the 
work without further supervision. (U. S. Commission on Labor (1904) p. 1061 
Theý union view as put by the President of the International 
Association, of Xachinists regarding Jurisdiction over manning control of 
this kind of machine was thato '. -- Irk come Instnaces one man has charge 
Of five or six of these machines, and this with the approval of the 
union., cloo. cit. ] vith respect to conventional or non-automatic machine 
tools, however, - union resistance to Indiscriminate manning was strong. 
This covered the operation of machines such as the centre lathe, planer. 
shaper, slotter, radial drill press, boring mill (horizontal or vertical). 
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milling machine, railway wheel (Ityres') turning and boring machines, 
requiring traditional machinist skills to operate. 
Such distinctions tended to be blurred In England. At Blackburn in 
the late 1890s a firm had a large slot-drilling machine and a small 
Planing machine side by side. It was contended by management that they 
were easily worked by one man who bad been 'brought up' by them from a 
labourer by graded advances until he was receiving 24/- par week. (The 
Times, Nov. 18971 
The mechanical functions of these machines were in practice quite 
different, the latter, machine having a horizontal reciprocating notion, 
and the former usually operated In a vertical plane. This difference 
notwithstanding, the proximity of the machines to each other in this 
specific case seems to have been an important criterion in management 
Ideas on determining the nature of machine supervision. 
But# how was controlled accuracy of ýmachinlng possible, given the 
different operating characteristics of the two machines? In my view, 
this provides, an illustration of the practical effectiveness and 
efficiency of the slide rest principles and Whitworth's development of 
engineering standards. In both cases the slide rests and leadscrews, 
carrying the tool cutting element, would have been sufficiently accurate 
by this time, to allow the operator to apply precise, graduated rotary 
movements by a hand-wheel to activate accurate linear movements at the 
cutting surface. Once seto by this moans, the machines could cut 
according to self-acting principles. The associated problem of 
dimensional control ýwas largely overcome, as argued earlier, by, the 
Inclusion of accurately- f In Ished machine tool features which acted as 
constraints an the machining functional such as stopso automatic trips, 
ratchet systems, and adjustable dimension control systems. In this way 
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two sets characteristics, integrated Into the machine tools, enabled a 
relatively unskilled operator control over compound machining operations. 
A critical aspect of skill had been transferred fron the skilled tool 
maker, through the machine to the operator, who did not necessarily 
embody the initial skills; and through him by use of standardisation 
features, to supervisors, representing employers. This seems tu no to be 
what Marx characterised as a process representing the historical 
reshaping of the traditional, inherited means of labour, Into a form 
adequate to capital. 'The accumulation of knowledge and of skill, of the 
general productive forces of the social brain, Is thus absorbed into 
capital, as opposed to labour, and hence appears as an attribute of 
C&Pital, and more specifically of fixed capital, In so far as it enters 
Into the production process as a means of production proper. ' (Marx. K. 
(1977) p-6941 
The Blackburn case revealed another aspect of management-dominated 
technology. Being unable to replace the unskilled machinist at 24/- per 
week, against the A. S. E. claim for 30/-, management locked out the A. S. H. 
men when they refused to accept depressed rates. (Times, Nov. 18971 
The expedient of locking-out skilled workers rather than employ them 
In an area of specified technical need, would seem to demonstrate the 
authoritarian nature of control associated with nownachines. There is in 
this illustration a recognition by management of the Integral nature of 
the link between labour control and changing forms of technology. This 
clearly served to consolidate the structure and form of this authority 
concept of reproduction of labour power and appropriation of labour 
power, 
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APPERDIX 17 
No. of 
Papers 
No. of 
Ist Class 
Yo. of 
2nd Class 
No. of 
3rd Class 
No. of 
Papers 
z 
Failure 
Vorked Certificates Certs. Carts. 
go Certs. 
Awarded 
Arithemetic 520 141 110 149 
120 23 
Algebra 87 15 29 20 
23 27 
Geometry 41 2 7 22 
10 24 
Mensuration 55 3 11 15 
28 47 
Trigonometry 1 2 4 
2 23 
Conic Section 8 4 4 
Principles of 4 7 10 37 Mechanics 27 8 
Practical 
2 13 8 15 39 Mechanics 38 
Magnetism, - 4 8 19 59 Electricity 32 1 
etc. 
Light and 1 4 7 20 74 Heat 35 
Chemistry 78 5 13 
30 26 37 
Animal 
3 9 19 14 31 Physiology 45 . 
Botany 16 1 2 
4 9 50 
Mining and I Metallurgy 1 
Geometrical 
16 59 72 03 39 Drawing 240 
Sourcei Journal of the Society of Arta, 21st June 18876 
Table II. p. 508 
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APPENDIX 18 
Locatinn and lumbgr nf Candfd-ntp. 2 In 
Society nf Artr, PrAmiriatinn. 1887 
Name of Local Board 
Birmingham & Midland Institute 
Bolton (Xechanics Institute) 
(Science School) 
Burrage-Road (Plumstead) Evening Classes 
Carlisle (Xechanics Institute) 
Glasgow (Anderson Univ. Pop. Evening Classes) 
(Athenaeum) 
(Institution) 
(Mechanics Institution) 
Leeds (Mechanics Institute) 
London (City of London College) 
(Lambeth Evening Classes) 
(Mechanics Institute) 
(Royal Polytechnic Institute) 
(St. Stephens Vestminster) 
(St. Thomas Charterhouse) 
Manchester (Mechanics Institute) 
Salfard 
Voolwich (Royal Irsenal) 
(St. Thomas's Schools) 
York 
29 
13 
18 
45 
4 
45 ) 
37 ) 
11 ) 130 
37) 
25 
57 
43 
48 
8 
59 
41 
20 
25 
le 
Source: Journal of Society of Irts, 21st June, 1887, 
from table Is pp. 506/7 
No. of Candidates at 
Final Examination 1867) 
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APPENDIX 19 
Subjects 
Practical, Plans, and Solid Geometry 
Xechanical and Machine Drawing 
Building, Construction, and Naval Architecture 
Elementary Mathematics 
Higher Xathematics 
Theoretical Mechanics 
Applied Xechanics 
Acousticso Light, and Heat 
Magnetism and Electricity 
Inorganic Chemistry 
Organic Chemistry 
Geology 
Mineralogy 
Animal Physiology 
Zoology 
Vegetable Physiology and Economic Botany 
Systematic Botany 
Xining 
Metallurgy 
Navigation 
Nautical Astronomy 
Steam 
Physical Geography 
lumber of 
Students In 1867 
1,749 
1,409 
862 
1,436 
41 
433 
165 
1.443 
1,434 
2,380 
638 
303 
82 
1,190 
501 
257 
195 
24 
117 
672 
810 
166 
1,340 
,, uqt 
CommilIr 
ftýN 
grpe tjjjV n mm -Jul 
PI&IOC& 
Pre e 
ol 
rec 
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APPERDIX 20 
Executive Committee nf tha City and rjuilds-nf ILnndnn TTQtltUtQ- IUZ 
President - H. R. H. THE PRIXCR OF VALES, X. G. 
Chairnan - Xr. H. C. SAUNDERS, Q. C. 
The Rt. Hon. 1he Lord Mayor 
The President of the Royal Society 
The President of the Chemical Society 
The President of the Institution of Civil Engineers 
The Chairman of the Council of the Society of Arts 
Rt. Hon, Earl of Selborne, F. R. S., Chairman of Council 
(Mercer) Vice-President 
Sir Frederick Bramwell, F. R. S. (Goldsmith) 
Vice-President 
Sir S. H. Waterlow, Bart., Treasurer (Clothworker) 
Sir R. Y. Fowler, Bart., Ald., X. P. (Salter) 
VIce-President 
Ald. Sir Thomas Dakin (Spectacle Maker) 
Mr. Joseph Beck, F. R. A. S. (Goldsmith) 
Rev. H. Clementi Smith, X. A. 
Mr. Daniel Vatney (Coombe) 
Rev. C. G. Lane 
Mr. John Vatney (Mercers' Hall) 
Sir J. R. Jennings 
Mr. J. H. Daniell 
Mr. G. Gripper 
Mr. V. P. Sawyer 
Mr. R. P. Barrow 
Mr. E. Lonsdale Beckwith 
Lt. Gen. L. Nicholson, C. B., R. E. 
Mr. John Varren 
Mr. V. Norris Nicholson 
Mr. A. V. Gadesden 
Mr. George Matthey, F. R. S. # F. C. S. # F-I-C- Sir Frederick J. Bramwell, F. R. S., X-Inst-CE 
Sir Frederick Abel, F. R. S. 
Mr. H. C. Saunders, Q. C. 
Mr. Charles Barry, F. S. A. 
Mr. L. B. Sebastian 
Mr. R. B. Woodd 
Mr. H. Rokeby Price 
Mr. Richard Berry 
The Rt. Hon. Viscount Cross, G. C. B. 
Lt. Col. John Britten, F. R. Hist-S. 
Rev. Prof. Thomas Viltshire, N. A., Treas. G. S. 
Mr-Owen Roberts M. A. 
Mr. Wm. Bousfield, X. A. 
Xr, E. C. Robins. F. S. A., F. R. I. B. A. 
Mr. Ebenezer Viney 
Mr. Philip Crellin 
Mr. E. Pocock 
Mr. John Brunt Mackey 
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Ex-of f Icia 
Corporation of London 
Xercers' Conpany 
Grocers' Conpany 
Drapers Company 
Fishmongers' Company 
Goldculths' Company 
Sklaners' Conpany 
Salters' Company 
Ironmongers' Company 
Vintnars' Company 
Clothworkeral Conpany 
Dyers' Company 
Leathers* I lers I Compair 
Powterers' Company 
Cutleral Company 
Tallow Chandlers' Com., 
Mr. Charles J. Shoppee, F. R. I. B. A. 
Mr. C, 0. Humphreys 
Ald. Sir William Lawrence 
Sir Henry Doulton 
Mr. George Shaw 
Mr. Aldred Chantler 
Mr. Frederick Blasson Carritt 
John Vatney 
V-P. Sawyer 
Source: C. G. L. I. Calendar 1887-8 
Armourers' and BraGien 
Company 
Saddlers' Company 
Carpenters' Company 
Cordwainers' Conpany 
Plumbers' Company 
Cooper&' Company 
Plaisterers' Company 
Stationers' Company 
Joint Honorary 
Secretaries 
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APPERDIX 21 
Bernhard Samuelson (Chairman); H. H. Roscoe, Philip Kagnugs JOba Slaggs 
Swire Smith, William Woodall. 
Biographical note: 
Samuelson was Liberal M. P. for Banbury and North Oxfordshire for over thirty years, 
Roscoe was Liberal M. P. for South Manchester after 1685. 
Slagg was Liberal and Free Trade M. P. for Manchester from 1880. 
Smith became a Liberal M. P. in 1915. 
Magnus was the only member to live well Into modern tines, dying In 1933 at tho 
age of 91. He was appointed Director and Secretary of the now City and Guilds of 
London institute in1880. After 1888 he was Superintendent of the Institute's 
Department of Technology. 
Woodall was Liberal X. P. for two pottery towns from 1880-1900. He studied 
developments In technical education in Germany, in 1897. 
Sourcet Argles, Xichael. 
, 
The Royal COMMISSIOn on Technical Instruction 1881-41 
Ito Inception and Conposition. Vocational Aspect, 11,230 1059. 
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APPENDIX 22 
The Artisan Institute, St. Martin's Lane, W. C. 
South London Workmen's College 
Workmen's College, Great Ormond Street 
College for Working Women, Fitzroy Square 
Middle Class Schools, Cowper Street 
Birbeck Institute, Chancery Lane 
St. Margaret's Technical Schools, Westminster (just opened) 
The Royal Polytechnic Institute, Regent Street 
Islington School of Science and Art# Essex Road, X. 
Telegraphist School, General Post Office, E-C- 
King's College, London 
London Institute, Finsbury Circus 
Gresham College 
University College, London 
Crystal Palace School of Practical Engineering 
The Royal School of Mines 
The Huddersfield Mechanical Institute and Trades School 
Yorkshire College of Sciences Leeds 
Owens College, Manchester 
Keighley Trade School 
Oldham Science and Art School 
Leeds Mechanical Institute 
Strand Mechanical Institute 
The Royal Indian Engineering College, Coopers Hill 
Trade and Mining School, Bristol 
Building Trades Institute, Manchester 
Dockyard Schools 
Royal Marine Schools 
Chemists and Druggists Schools# Bradford 
Colliery Schools 
Railway Schools 
CO-operative Societies Schools, Rochdals 
Cookery Schools 
Glasgow Technical College 
Anderson Institute, Glasgow 
The Agricultural College, Cirencester 
North of Scotland School of Chemistry and Agriculture, Aberdeen 
Royal Naval College, Greenwich 
Hull Navigation School 
Plymouth Navigation School 
Also Whitworth Schoclarships formed 1888 with endowment of 0000 
Sourcet Livery Companiea Committees 
Report on Technical Education# London, 1878 
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YEAR For Education 
z 
For Science and Art 
t 
1871-72 1107430 211083 (19) 
1872-73 1313078 230420 
1873-74 1424877 257788 
1874-75 1566275 262637 
1875-76 1881630 285234 (15) 
1876-77 2127522 301620 
1877-78 2463287 299494 
1878-79 2732534 305324 (11) 
1870-80 2854067 317086 
Figures In Brackets Represent 
Percentage of Total Expenditire 
Spent an Science and Art. 
Source., Actual Expenditure As Per Appropriation Accounts. 
Board XemorandumoApp-A. (PRO Document ED 23/71). 
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APPENDIX 24 
Thn nriZAnlc Composition cf Capital- Framplgs of Proflt Doe-jing In 
MenhAnical Fteinperincr from 1850 - CalculatInng bAngef gn Mmr! rla Tbnnry 
I believe it has been shown that improvements In machine tools 
Incorporating self-acting principles for semi-auto working, precipitated 
Important changes in the organisation of work and in the technical 
culture of the machine workshop. It seems plausible to extrapolate from 
this and look for evidence which suggests that, given a set of social 
relations congruent with expansionary technological forms, more machines 
would be put to use by employers In order to further exploit the 
potential for increasing rates of production and extending control over 
labour. In this appendix I examine the 'problem' for employers associated 
with operating with a 'refractory' labour force offering resistance to 
exploitation, through expanding machine processes. one way of expreGaing 
this was in terms of the organisation of work Itself and control of the 
workers needed to operate within It. This has been referred to as the 
organic composition of capital. (Marx, K. Capital. Vol. I. op-cit. ) In the 
sense employed by Marx it was economic factors that brought about a 
change in the ratio of fixed capital in the form of machines and variable 
capital as expressed through wages. 
a. s. economic factors bring about ... that change In the technical 
composition of capital by which the variable constituent becomes alway 
smaller as compared with the constant". (Marx, K. 0 Capital, Val. 
1, (1887) p. 6121 
The ratio referred to in this context is that represented by the ratio of 
the means of production employed to the mass of labour necessary for 
their employment, designated by the fraction c/v. According to Xarxt 
"the rate of profit (was) inversely related to the growth of surplus 
value or of relative surplus labour# to the development of the powers 
of production, and to the magnitude of the capital employed &a 
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(constant) capital within production". (Marx, K., Grundrlsse, (1877) 
p. 7633 
The importance of this mathematical relationship here is that It 
enables an expression to be derived incorporating surplus value, vairable 
capital and constant capital. 
Surplus value, or the rate of surplus value, was defined by Marx as 
operative within certain parameters; in which workers, creating the means 
by which they may be paid wages in addition, contributed to the creation 
of other parts of total capital. Marx noted, 
"Since the worker must reproduce the part of the capital which Is 
exchanged for his labour capacity just as much as he must reproduce 
the other partz of capital, the relation in which the capitalist gains 
from the exchange with labour capacity appears as determined by the 
relation of surplus labour to necessary labourO. (Ibid. p. 7641 
This therefore Is the ratio between surplus labour and necessary labour; 
Using symbols s and v the expression becomes a/v. This ratio is 
referred to as the rate of exploitation. The prof it rate may be 
expressed in terms of these varlablest constant capital (c), variable 
capital W, and surplus value (s). These are related In the following 
expressiont 
Rate of profit +v 
"In Its Immediate form, profit is nothing but the sun of the surplus 
value expressed as a proportion of the total value of the capital". 
(Ibid. pp. 763,7671 
have suggested above that given certain conditions,, It would be 
reasonable to assume that employers might Increase machine tool 
development. it might now be further assumed that given Increased 
Opportunities to Increase production and extend managerial control as I 
have argued, this development would continue uninterrupted, Also, given 
that surplus value is directly related to labour power (a/V)o It would 
remain more or less constant# then an Increase in fixed capital over 
variable capital would lead to a fall In the profit rate. That is, an 
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Increase in the organic composition of capital (c/v) leads to prof It rate 
decline. Assuming the ratio of surplus value to labour power to be nore 
or less constant, i. e. s/v changes little over a given period of time, the 
assumption is that the ratio withino say, an eight-hour day, would be 
something like 5: 3 or three hours regarded as time necessary to reproduce 
labour power (necessary time for sustenance of the worker), and five 
hours representing surplus labour (over and above that necessary to 
maintain labour power). The assumption Is that this ratio would renain 
fairly static while the amount of constant capital (c), in the form of 
machines would rise, because of the changes In technologies I have 
analysed above. 
I will quantify these assumptions using the following components for 
the purposes of Illustration. 
In the periods 1849-1854, and 1801-1665, the average export of stoam 
engines and other machinery Increased In value from t665,329 to 
tl, 862.786 (a percentage increase of one hundred and eighty). Reports 
from Commissioners, loth Report, R. C. on T. U. 1887-68, written submisclon 
Of J. Robinson (Director Atlas Engineering Vorke), table III, p. 601 The 
number of firms in the machine tool Industry rose from 128 In 1870 to 
312 In 1898 with an increase In industrial production of 05 per cant. 
*Between 1871 and 1881 the numbers of machine makers increased 28 
per cent up to 160,797. The total number working and dealing in 
machines and implements In England and Vales (1881) was 267,976 
(U. S. Nicholson, The Effects of Xachinery on Vages, Swan Sonhengon, 
London, 1892 (1878) p. 881 
The output of the engineering Industries as a whole rooe by 2.8 per cent 
between 1870 and 1913, while output of the leading firms In the machine 
tool Industry was 7.2 per cent. The total output during the same period 
rose from t32,238 to tl, 219,878. (Floud, R. The British XachIne Tool 
Industry, 1850-1014, C. U. P. 1976, pp. 33,351 The value of labour power 
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Indicated by Robinson's figures preented to the Royal Commission an Trade 
Unions, shows an average rate for skilled workers in engineering as 31 
shillings per week in 1863. (Robinson, J. op. cit. Table 1V p. 001 Another 
source indicates that between 1840 and 1858 skilled engineering artirmans' 
earnings rose from 29s to 38s In London; Xancheater figures for the 
period 1846-1886 show an Increase from 30s to 34s. (Burnett. J. (ASE 
Secretary) Trade Unions as a Xeans of Improving the Conditions of Labour. 
Edinburgh, 1886, pp. 21.211 If the number of skilled artisans In 
employment (or assumed to be in enployment for purposes of illustration) 
193 gauged by paid-up members of the A. S. E. (a body that by definition was 
restricted to skilled engineering workers only), the following may be 
deduced. 
Menbers of A. S. E. (1685) (Burnett, J. 30th Annual Report kSB 18811 - 33 
007; (1879) (Ibid. ] - 44 0871 (1891) - 71 221 Vefferyso J. B. The Story 
of Engineers, op. cit, p. 931 Total value of machinery produced In the 
corresponding years was L3,264,000; L5,080,935; L15,000,000. (Burnett, J. 1 
Jefferys, J. B. Ibid. - Trade Unions as a Mane ... op. cit. ] 
These figures may be illustrated by the following configuration (for 
the period 1885-1891) 
Average value Value, of 
ASH Membership Labour powermachines produced 
(shillings/week) W 
(1) 1885 33 007 33 3,264.000 (Burnett) 
(2) 1879 44 087 37 5,090,935 (Burnett) 
(3) 1891 71 221 38 15,000,000 (Jefferya) 
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These variables may be expressed as part of a formula to determine the rate of 
profit for the years indicatedl the formula Is: 
Rate of profit = _. 
ýýMLtLt value (a) 
Contant capital (c) + variable capital (v) 
For simplicity the ratio for rate of exploitation of labour power representing 
surplus value and variable capital in the form of wages 
(s) 
will be assumed to be 3: 2 (After Jalee(1977). 
1) Rate of prof It (1865) = _Eý[RLt! R. value 
(116 times labour value(s) 
(v) value of machinery (c) + annual value labour power (wages) 
w31.248.000 -0 69.15% 
, 264,0R7;: 
'Y, 6ff,. dYd'- 
(33_x 52 x 33007) 
20 
2) Rate of prof it (1879) a Z-ýL; a + ---- 
PlIq %A 
i 
LIL 
-------- a 68.2% 080,935 + 4,241,100 
3) Rate of profit (1891) a 
10.554,951 
18-666-076-6--; -y 
. 
656-d-d- rw 47.8% 
The steep drop In profit rate indicated by the 1891 figures to probably unrealistic; 
figures for this year come from a different source (Jefferys) than those for the 
years 1685 and 1879 (Burnett). The latter's figurea could be ascumed to be 
reasonably accurate for the period as they were tabulated In the official annual 
report of the ASE which quoted official returns for the relevant period. The trend, 
however, Is discernible in relative If not absolute terms. The wage rates would 
seem to be uncontentious and are supported by other sources (The medium adult wage 
rates between 1880 and 1880 were calculated at 18/- and 24.3/. The highest d(nIlo, 
which could reasonably be expected to include engineering artisans, was betwoon 27/- 
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and 38/- for the same period (Crowley, D. V. 1958, p. 101), including those submitted to 
the Royal Commisison in 1868; the evidence contained In this report Includes that 
f rom Robinson. Using figures from this source a similar exercise to determine 
profit rates may be attempted. 
The Atlas Engineering works of which Robinson was a director had a fairly 
constant workforce of 1600 in the period 1851 to 1865 (Robinson, J. 10th Report, 
op-cit. ) The prevailing weekly wage rates for three years. 1851,1861.1865 were 
30.18/-, 30.44/-. 30.47/-, respectively. (Ibid. Table II, p. 591 
Assuming 1) a static workforce at skilled rates; 11) the ratio G/v remaining 
constant at 3: 2, the foll owing conditions apply: 
Vorkforce 
(No) 
2851 1800 
1861 1600 
1865 1600 
Average Value 
Labour Power 
(Shillings/Weelk) 
30.18 
30.44 
30.47 
Value of Xachintry 
Produced 
t 
133.005 
268,339 
310,456 Mid) 
Rates of prof its for , the Atlas Engineering Varks, for the period 1851- 
1) Rate of profit (1851) 0 'ý-+ 
a; " 
188. L123 
133,005 + 124,548 
72.8% 
0 18 m ä) t 2) Rate of prolit (1861) 0 Z"; -; m 268,3U + 120.030 
a 48% 
a 100132 (3) 3) Rate of profit (1865) 0 7; ýa 310,450 + 120,755 
m 43.4% 
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t(l) 30.18 shillinszs-x-1800 x 52 
20 
f(2) 30.44 x 1600 x 52 
20 
*(3) 30.47 x 1800 x 52 
20 
The decline in rate of profit Is evident over a fifteen year period; 
assuming for Illustration that the workforce would not have all received 
rates at the, skilled levele figures for a grade of labourer, 'helpers', 
Indicate the following, 19.50/-# 18.15/-0 18.12/- Mid. Table 11, p. 501 
for the corresponding years. Taking an average figure between the 
skilled rates and the helpers' rates, wages of the order of 24.84/-, 
24.29/-, 24.29/-, arise. It can be shown that, given these wage levels the 
corresponding profit rate for the Game period would be 65.0%, 41.0%. and 
35.8% respectively. 
Certain features concerning these figures warrant further elaboration. 
First, It has been assumed that Increases In machinery production, 
generalized in the form expressed by the Illustrations, Imply that 
machine manufacturers or machine tool makers would, to a larger or 
smaller degree, reflect the trend. That trend being recognized in the 
Increasing mechanIsation of engineering production. As an example, one 
major nass-producing companys the Singer Sewing Machine Co., might be 
cited. During the period 1870-1910 this company installed machine tools 
Of the following order; 1776 milling machines# 003 grinding machines, 960 
drilling machines, and 892 automatics; 
"... the cxistence of relatively cheap labour did not Inhibit the use of 
the most modern machinery". (Saul. S. B. The market and the Development 
of the Mechanical Engineering Industries, 1870-1014; in Saul, S. B. 
(Ed), Technological Changet The Vnited States and Britain In the 
Nineteenth Century, Methuen, London, 1970, pp. 160,1611 
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Second, the ratio of the increase in constant capital In the form of 
machinery, relative to variable capital, wages (the Increasing organic 
composition of capital) produced an effect approximating to the postulate 
of declining profit rates; an effect that would seem difficult to chock 
through employer pressure on wages. Third, If the rate of exploitation of 
labour power s/v, remained fairly constant then, given Increasing use of 
Macinery as suggested by the illustrations above, profit rates 
demonstrably declined, and other strategies by employers night be 
expected. The range of options open to employers would be limited. The 
depression of wages, a powerful expedient In the short-tern, showed 
Inconclusive results as a sanction when applied as a function of a 
constant rate of exploitation. There was clearly an Incentive to explore 
other means to counter the decline in profit rate. The imperative to 
maintain wage levels at the socially-determined level, with little 
variation over time, but accompanied by a stopping-up of the productivity 
of labour, i. e. through the use of machines and Intensifying labour power, 
could be considered. In effecto to increase the level of exploitation. i. e. 
changing the rates of surplus labour relative to necessary labour. This 
can be demonstrated by assuming a change in the level Of exploitation 
from 3: 2 to 5: 3 as suggested above. Assuming average wage rates as in 
the last example and other similar conditions obtaining, the profit rate 
profiles could become: 
72.8% 1) Rate of profit (1651) a 133,065 + 103.33i- +v 
2) Rate of profit (1861) 0 ; -P- 45.5% +V 268,330 + 101,040 
3) Rate of prof It (1865) 0 S-p- 
""JtiLq 
----- - 40.02% +V 310,450 + 101,046 
These figures demonstrate that with an Increase In the rate of 
exploitation of labour an expressed in the ratio alv, from U2 to 5: 3, 
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profit rates could be increased 7.3%, 4.5%, 4.12% respectively for the 
years 1851,1881,1865 at the Atlas Works. 
How was it possible to raise the level of exploitation and minimise 
workers' resistance, from a hypothetical rate of 3: 2 to higher 
configurations in the expectation of slowing the decline in the profit 
rate? I have shown that two important employer strategies were 
developedi the piece-work system and the exploitation of child labour; and 
the application of new technologies In the form of rapid cutting tool 
and machine accuracy and control, Involved In the reorganisation of 
workshops. 
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